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FOREWORD

This Final Report summarizes work which has already been performed
by Stanford Research Institute under Contract No. 950745 with the Jet
Propulsion Laboratory of the California Institute of Technology during
the period June 1964 to August 1966, and includes in detail the work com-
pleted during the period August 1966 toc August 1967,

Technical Representative of the Jet Propulsion Laboratory's Materials
and Methods Group for the final period of this contract was Mr. E. L.

leland.

The technical effort at Stanford Research Institute was under the

supervision of Dr. R, F. Muraca, Director, Analyses aad Instrumentation.

The work was pertformed largely within the Department of Analyses and
Instrumentation under direction of J. S. Whittick, Chemist-Program Co-
ordinator and A. A. Koch, Chemist. Department Chemists contributing to

this work were: F. M, Church, J. A, Havir, and W. Kaczkowski.

Acknowledgment is made of the dedicated work of R. McNeely and

I.. Salas, Chemical Technicians.
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ABSTRACT

Stanford Research Institute, Menlo Park, California

POLYMERS FOR SPACECRAFT APPLICATIONS

Final Report, June 1964 to August 1967

R. F. Muraca and J. S. Whittick, September 15, 1967

NASA Contract No. NAS7-100; JPI Contract No. 950745; SRI Project ASD-5046.

The objective of this program was to assist JPL in the selection of
polymeric m.terials to be used in connection with spacecrafts, with spe-
cial attention to determination of the effects of a simulated spacecraft
environment on selected commercial products. The spacecraft environment
was considered to be a shielded thermal-vacuum environment of about 125°C
and 10-6 torr. During the three-year period of this contract, test equip-
ment was designed and procedures and techniques were developed to permit
qualification of polymeric products for use in spacecrafts,

The theory of the release and condensation of substances from poly-

mers exposed to the thermal-vacuum environment is discussed in detail,

and the equipment and procedures for identifying and measuring the re-
lease of volatile condensable material (VCM) are described. The apparatus
and techniques for evaluating the effect of pre-flight decontamination
cycles and thermal-vacuum exposure on the mechanical and electrical proper-
ties of polymeric products are described, and the applicability of short-
term tests (24-500 hours) in predicting long-term performance is reviewed.

About 350 polymeric products were screened for outgassing character-
istics, of which about 100 qualify within the limits of <l% wt~-loss and
<0.1% VCM content. About 20 products were examined in greater detail and
found to be satisfactory for spacecraft construction because they main-
tain their mechanical and electrical properties through decontamination
cycles and thermal-vacuum exposures. A thorough test and evaluation pro-
gram to qualify polymeric products tarough any pre-flight or space en-
vironment is described.

Five disclosures of New Technology are summarized and the transfer
of one of these is noted.

Appendices include a catalog of the infrared absorbance spectra of
the VCM from 96 polymeric products and an interim list of recommended
products. An alphabetical Index lists all of the products which have
been examined and the tests which have been performed; on the basis of
test results, each product is assigned an acceptance rating.
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I. INTROOUCTION

This Final Report describes in detail the work performed by Stanford
Research Institute for the Jet Propulsion Laboratory of the California
Institute of Technology under Contract No. 950745 during the period
August 1966 to August 1967. Exploratory and development work during the
period June 13&~{ to November 1066 1is summarized in three Interim Reports:
No. 1, August 1965; No. 2, March 1966; and Nc. 3, December 1966, This
reoort incorporates the most significant data from the interim publica-

tions and summarizes the theories and techniques which have led to

recognition in the evaluation of polyueric materials for spacecraft use,

The primary objective of this program was to assist the Jet Pro-
pulsion Laboratory in the selection of polymeric materials to be used
in the construction of spacecrafts. The program plan was predicated on
the determination of the effects of simulated spacecraft environment on
commercial polymeric products., The materials and products examined were
largely provided by the JPL Technical Representative; a few special

products were purchased by SRI.

For the purpose of this program, a snacecraft environment is defined
as the thermal-vacuum conditions existing within a scientific satellite
or probe, or the unpressurized portions of a manned spacecraft, Since
electronic assemblies, associated components, and various structures
are protected from as many hazards as possible in space flights, the
environment under consideration is obviousiy one shielded from the extremes
of temperature, electromagnetic and particle radiation, and metecroids.
The thermal-vacuum conditions employed during this program of work were
established as consisting of pressures less than 10_5 torr (readily-
attainable in batch-testing equipment‘ and temperatures of the order of

125°C (the maximum temperature anticipated in locations where polymeric

materials might be used'.




The simulation of the vacuum of space for evaluation of materials
does not require that expensive and intricate equipment be used to
provide pressures such as may be encountered in interplanetary flight
le.g., 10“13 torr). It is sufficient that a test facility maintain &
pressure low enough so that the mean free path of residual gas molecules
is long in comparison with chamber dimensions. For residual gas mole-
cules at ambient temperature (02, N2, H20), the mean free path at 1 X 10
torr is of the order of several meters and thus, by maintaining a vacuum
of at least this order of magnitude, the rate at which organic molecules
leave the surface of a polymeric sample is not governed by collisions
with residual gas molecules. For testing materials such as polymers,
refrigerated baffles and/or traps will ensure that organic molecules
leaving the sample cannot return to the sample and thus establish an
equilibrium vapor pressure., Additionally, large cross-sectional areas
of pumping ducts increase the probability that molecules leaving the

sample will not return. The vacuum systems employed for this work have

-5
beer. designed to provide pressures less than 10 torr by means of 'large-"

diameter ducts; they are equipped with cold traps and have baffles to

prevent cross-contamination of samples.

The selection of materials for use in a spacecraft is based on a
study of their behavior in a thermal-vacuum environment and a knowledge
of the nature of the substances they release Thus, results of deter-
minations of the loss of weight, of the amount of released material which
may ccndense on cool surfaces adjacent to the warmed polymer, and the
identification of the released substances in the thermal-vacuum environ-
ment conditions of interest must be combined with measurements of physical
and mechanical property changes which may cccur cver a period of time in
the environment in order to con{irm the suitability of polymers for space-
craft construction. Added to the above criteria, because of the quest
for life on distant planets, is the capability of polymers to undergo
decontamination and sterilization procedures without loss of mechanical

properties when subsequently exposed to a thermal-vacuum environment,

A discussion is given in Section II of the significance of the loss

in weight incurred by polymeric materials which are exposed to a




thermal-vacuum environment, the nature of the substances which are
released, and the theory of the release, condensation, and re-evaporation

of volatile condensable materials (VCM).

In Section III, the equipment and procedures developed for various
analyses of VCM are discussed in some detail. These include the micro-
VCM technique for rapid screening (24-hour =xposure in the thermal-vacuum
environment) of 24 polymeric materials simultaneously for determination
of loss in weight and maximum VCM content, the modification of the micre-
VCM technique to produce infrared spectra of the VCM, the macro-VCM ie-
terminations which provide quantitative values for the loss in weight
and for the deposition and re-evaporation of VCM with time over a period
of 330 hours, and the mass spectrometric technique for the identification
in situ of the substances which are released by polymeric materials in

the thermal-vacuum environment,

Section IV dJdescribes the equipment and procedures for determining
mechanical and electrical properties of 30 polymeric materials simulta-
neously which have been exposed to three environments {called the '"com-
prehensive polymer test program"):

(1) six decontaminating cycles of an humidified ethylene
oxide-Freon atmosphere at 50°C for 30 hours each;

(2) Exposure for 500 hours to a thermal-vacuum environment
of 135°C and 10~ torr;

(3) Decontamination cycles followed by thermal-vacuum

exposure.
Section IV Supplement provides design drawings for the adhesive creep
testers used in this work. (Detailed design drawings of all test equip-
ment, except the few in this r~2port, were given in Interim Report No. 3,

Part II, December 1966.)

In Sections V to XXII, the results obtained from all of the fore-
going procedures are presented in detail, and an interpreitation of the
results is given., The Sections are arranged alphabetically according to

spacecraft applications.

All of the polymers which are discussed have been screened by the

ricro-VUM technique, and a complete summary is given of the data obtained




on more than 340 polymeric products (500 determinations). Less than
one-third of the products are suitable candidates for further evaluation
and for inclusion in an interim list of recommended materials,
The micro-VCM data in this report are complete to date and
supercede all values previously reported.

The results of macro-VCM determinations are reported for about 20
poiymeric products, selected because of acceptance by micro-VCM screening
standards or because of interest in the performance of marginal materials,
The equipment has also been used for completing the experimental work on
the theories of VCM deposition and evaporation described in Section I1I.
In general, the macro-VCM determinations have confirmed the qualification

of products by the micro-VCM technique.

Mass spectrometric analyses of the materials released by about 20
polymeric products have been performed; the products were selected to
furnish information on the character of the materials which contribute
to loss of weight and VCM and to provide correlation with macro-VCM de-
terminations. The results of the analyses reveal that most of the volatile
substances are compounds of low molecular weights, such as water and
solvents; high-molecular-weight components deliberately added in the com-
pounding of the polymeric formulations and low-molecular-weight polymeric

structures were easily iadentified.

About 70 polymers have been examined for changes in mechanical proper-
ties during the comprehensive polymer test program. These materials were
selected in an effort to provide data for as many different types of end-
use applications as possible, but the selection was dictated largely by
the availability of sufficient material for complete testing. It was
found that the electricai properties of most polymers were not changed
signiticantly by decontamination or thermal-vacuum exposures. The de-
contamination cycles had little effect on the majority of materials examined
cxcept for slight gains in weight. The sequence of decontamination plus
thermal-vacuum exposure affects only a few materials. The following cor-

. . N . *
relarions are interesting: In general, a rating ot acceptable or "good'

by micro-VCM techniques is reflected in a "good" rating for the mechanical




properties tested. With a few exceptions, a rating of not-acceptable ("X'")
is reflected by an "X'" rating for mechanical properties, and a marginal
rating from micro~VCM values will indicate over a range cf good to not-

acceptable mechanical periormance. See Appendix E.
! P

The results of long-term (7-9 months) storage of selected polymers
in the thermal-vacuum environment are given in Section ¥XI1I. It appears
that 1000-hour tests are required for estimating long-term maintenance of
mechanical properties of polymers and that micro-VCM data can be cor-
related to mechanical property performance. Long-term tests currently in
progress also are discussed. Section XXIII Supplement provides detailed
design drawings for the adhesive creep testers employed in the long-term

storage tests.

Conclusions from the data presented in this report are given in
Section XXIV, and recommendations are made for a comprehensive test and
evaluation program for pre-flight and flight environments. In Section XXV,
an announcement of New Techkiology since November 1966 is made, and new

technologies announced during this contract are re-capitulated,

In Appendix A, the basic structures of the polymers considered for
spacecraft use are outlined and Appendix B provides a code-listing of

manufacturers of the products which have been examined.

Appendix C consists of a catalog of infrared spectra of the VCM
from 96 polymers. A numerical listing is given for the products in the
order of polymer classes and an alphabetical listing of products is also

provided.

In Appendix D, an interim list of recommended products is given.
(Final recommendations can be made only after morc comprehensive testing
of materials for the effects of decontamination, sterilization, and

thermal-vacuum exposures.,)

Appendix E provides an alphabetical Index of all the polymers which
have been screened and lists their ratings as indicated by the results
obtained from the various determinations for volatile materials, mechanical
properties, and electrical properties., References are given to appropriate
sections of the report and to the infrared catalog of VCM from polymeric

products,







I1I. MATERIALS RELEASED BY POLYMERS
IN A THERMAL-VACUUM ENVIRONMENT

The loss of matter by outgassing and by evaporation or sublimation
is one of the most obvious effects of a thermal-vacuum environment on
polymers. Because gross loss of materizl generally implies that the
physical properties of polymers are altered or that test chambers and
spacecraft components will be contaminated by the vaporized substances,
the polymers which are considered suitable for use in spacecrafts are
those which in laboratory tests (1) exhibit a minimum loss of weight when
exposed t¢ the simulated conditions of the vacuum and thermal environment
of space, und (2) are tound to contain a minimum of materials that vapor-
isze at an elevated temperature in a vacuum and deposit on adjacent, cooler

surfaces.

The simplest quantitative value which can be obtained for the behavior
of a polymer in a thermal-vacuum environment is the loss of weight. This
value does not reveal the nature of ihe components released oy the polymer
but, nevertheless, is useful for selecting polymers for spacecrafts because,
in the majority of instances, it has been shown that mechanical and other
useful properties of the polymers are degraded when substantial amounts
of materials are removed by vacuum, It is customary to assume that
polymeric substances which lose less than 1ﬂ of their weight in a thermal-
vacuum environment are suitable for spacecraft application, for it has
been shown that small losses are due to adsorbed gases, moisture, ana
extraneous solvents. However, losses up to 5@ in weight generally do
affect mechanical properties of materials., It is important to recognize
that it is the nature of the materials lost in a vacuum which determine
the change of physical properties and not the amount that is lost. For
example, it has been found that as much as 37 loss in weight does not
significantly affect the mechanical properties ol various silicone sealant
materials for, in these instances, the loss in weight 1= due not only to

ex*traneous solvents and adsorbed gases, but also to low-molecular-weight




silicone substances which do not significantly affect physical properties.
On the other hand, the loss of 1% of a plasticizing or softening oil in
certain elastomers (e.g., butyl rubbers) is usually detrimental to
mechanical properties, These differences are not difficult to under-
stard when one realizes that the volatile low-molectlar-weight silicones
only dilute the intrinsic mechanical properties of th=2 sealants whereas
the plasticizing oils are primary contributors to the very properties

which make the materials attractive for use in spacecrafts.

The term "cutgassing'' is often used to describe loosely the observa-
tion that the substances given off by a material in a vacuum are in the
form of a gas regardless of whether the substances themselves are true
gases, liquids, or solids. For many years, especially during the time
when a vacuum of 10—4 torr was considered an achievement, it was quite
coinmon to describe this release of matter from polymers in terms of an

"outgassing rate."

The measurement of 'outgassing rate' was generally
performed over a short interval of time and no attempt was made to identify
the materials released in a vacuum; in fact, the various outgassing rates
were used as criteria for selecting appropriate materials for constructing
vacuum systems, and it became readily apparent that polymers, waxes,
greases, and other organic matter were best left out of vacuum systems,
The term also left the impression that the outgassing rate would be
constant until the organic matter disappeared or until the experimenter
would depart to a sweeter world., A few diligent workers, however, mea-
sured "outgassing rates' over long intervals of time and found that they
became progressively less, and that some organic substances could be
substantially "degassed' by the combination of vacuum and elevated
temperatures to the point where their use in vacuum systems became pos-
sible. Then, "high vacuum" greases, cements, waxes, etc. began to be

commonplace,

About the time the first space probes were to be launched, it be-
came necessary to seek information about the applicakility of polymers
as materials nf construction, There was, of course, very little informa-

tion about the behavior in vacuum of the ever-increasing number of newer

polymers; imeasurements of the cutgassing rates of the older polymers were




combined with their measured weight iosses (short-term tests) anu from
these data it was extrapolated that few polymers could remain in space
without evaporating completely (or in part) and render the spacecraft
useless. Most damaging, however, was the propagation of the erroneous
conclusion that all polymers would evaporate in space, in spite of
evidence to the contrary [the increasing number of successful space
probes that were laden with a variety of polymeric materjals]. In a
short time, however, the pendulum swung :'he other way, and it was assumed
that the polymeric materials used in the probes and spacecralfts launched
in the early phases of the National space program were completely satis-
factory and, thus, thev were used indiscriminately in the construction

of newer, more complex crafts., Il was inevitable that some faulty opera-
tions in ground tests would be encountered and that the failures could

be shown to be due to the polymers, but this did not reduce the tendency

to continue to use the polymeric substances which "flew successfully,”

The following statements are offered as summaries of the behavior

of polymeric materials in a thermal-vacuum environment:

(1) Polymers which are highly crosslinked have such high
molecular weights that they cannot be considered vapor-
izable at temperatures less than about 125°C, provided
pyrolysis or degradation does not take place. The mass
spectrometer can easily detect degrada*tion.

(2) A1l polymers consist of distributions of various molecular
weights; if the polymerization has not been carried out
correctly, the lower-molecular-weight polymers will have
sufficient vapor pressure to allow their rapid removal in a
vacuum-thermal environment. As a result, all polymers
tend to lose some of the lower-molecular-weight species
in a thermal-vacuum environment, The loss is exceptionally
small for polymers like Teflon because the method of
polymerization yields material consisting of very high-
molecular-weight n-mers. A large number of commercial
polymers also have in them small amounts ol their monomers
or starting materials,

—~
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Linear polymers also consist of mixtures, and the lower-
molecular-weight species may be removed in a thermal-
vacuum environment, It is considered that the distribution
of molecular weights tends to remain constant; as the
lower-weight species are removed, the heavier degrade and
maintain the equilibrium distribution especially in the
presence of the catalysts which were added to initiate




(4)

polymerization, Thus, at elevated temperatures poly-
methylmethacrvlate and Teflon can be distilled off as
their monomers, dimers, trimers, etc., At lower tempera-
tures, the redistribution reaction may be so slow that
lower-molecular-weight fragments may be removed from

a polymer mass and not be replaced. The relative ease
with which these fragments are removed in a vacuum makes
it easy to distinguish between low-molecular-weight
polymers present at the start of a test {rom those that
are formed by redistribution or equilibrium reactions.
For example, Teflon at 2759C has been maintained in the
vacuum of a mass spectremeter for seven years without
detectable evolution of its mornomer or lower-molecular-
weipght degradation products., In contrast, the presence
of monomer in polystvrene is easily detectable. Other
linear polymers ar< not as stable as Toirion; it is neces-—
sary to test each candidate before use in spacecrafts,
especially since the materials evolved can deposit on
cooler surfaces, polymerize, and never re-evaporate.

A great number of commercial polymers are mixtures of
basic polymeric materials and various =2dditives {to
impart desirable properties,, for example, organic matter
such as plasticizers, solvents, catalysts, crosslinking
agents, antioxicants, etc. These crganic materials
usually distill out of the poiymer mixtures to form a
significant if not the entire part of the "weight loss,”
and the remaining polymer matrix will have significantly
different physical properties than the starting material
because of their removal, Additives are used in rather
large quantities; since they are readily vaporizable,
they overlosd the vacuum pumping systems of test chambers
("lugging” ).

The rate of evaporation of a pure substance in a vacuum

is a function of the temperature, its molecular weight,
and its vapor pressure. However, its rate of removal

from a polymer is nearly entirely controlled by the rate
at which the molecules can diffuse through the polymer
matrix and come to the surface., Clearly, removal of a
volatile material from a polymer can be effected more
rapidly from thin sections than from thick sections,

and at higher temperatures than at lower temperatures.
Thick sections can be considered tc furnish a reservoir

of vaporizable material which is fed at an almost con-
tinuous rate to the surface that is exposed to vacuum;
hence, the "outgassing rate’ so popular some time ago,

is controlled by the rate of arrival of material to the
exposed surface from the large supply within the section,
The 'outgassing rate' of a thick section will remain quite
constant when diffusion is at equilibrium, and the constan®
rate can very easily be misinterpreted az a constant
evaporation of the polvmer itself.

10




It is obvious that if the evaporation of substances un-
related to the basic polymer structure is to be dif-
ferentiated from vaporization of the polymer or its
degradation products, the vapors released from the polymer
must be analyzed and identified; if thin sections are
used, the release of vaporizable substances will be
rapid and essentially complete within 24 to 48 hours
{the micro-VCM test described in Section III). 1In a
mas s spectrometer, the sample size is of the order of

1 milligram and thicknesses seldom exceed 0.010 inch;
as a result, the release of vaporizable substances is
complete within several hours and it is also possible
to detect pol;mer degradation or vaporization,

Volatile condensable material (VCM) is defined as the weight of
condensate ohbtainable at 25°C in a given interval of time from a given
weight of material {<1/8" thick) maintained at 125°C in a vacuum of at
least 5 X 10_‘6 torr. The temperature of 125°C was selected in 1962 by
JPL and SRI as the upper limit which might be encountered in spacecraft
operations (in space. Space probes and satellites are generally designed
to maintain internal temperatures of the order of 25°C, but much higher
temperatures may occur in the viecinity of power-dissipating components;
for example, thermal data from SURVEYOR 1 . lunar-sotft-lander; ireveal
temperatures of the order of 60°C in various compartmentcs of the space-
craft while camera temperatures were of the order oif -30°C; thus, the
migration of volatilized substances between spacecratt components which
are at diffe.rent temperatures is always possible, and 't becomes necessary
to test every polymer which is to be used in a spacecraft to determine
whether it releases materials which can condense and invalidate certain

of the craft's functions.

The effect on electrical contacts of extremely thin films of coils,
"varnishes,' or polymers is well-known to electronic engineers whether
they be affiliated witih the Department of Defense, with puklic utilities,
or the space effort. Equally important to producers of vacuum spectro-
photometric equipment or space-experiment designers 1is the effect of
films on optical components suci as lenses and mirrors. A dramatic il-
lustration of this is given in Figure 1 a which demonstrates the scat-

tering of light in the infrared region of 2-6 microns due to the deposi-

tion of a VCM film of less than 2-mil thickness on an optical flat of




sodium chloride. This type of interference could lead to erroneous
evaluation of the electromagnetic spectrum from a planet and could also
result in an inaccurate photographic or televised view of a planet's
surface. Condensates which have aromatic structures fluoresce when il-
luminated with ultraviolet light or absorb it strongly; very thin films
of such materials deposited on astronomical mirrors or optical surfaces

can completely invalidate observations in the ultraviolet.

A pound of polymeric material which releases 0.1% of VCM at 125°C
will deposit on a square foot ot surface at 25°C a film of about 0.00015
inch in thickness (0.15 mil); films of this thickness are more than
enough to foul lenses or electrical contact points. Ideally, the VCM
content of a polymer should be zero, or of a kind which will subsequently
evaporate from the cooler surface. (It should be recognized that most
condensed films eventually evaporate, but some may remain in place be-

cause of reaction with the surface or because of polymerization in place.)

In view of the above discussions, it has been proposed that the
maximum-VCM content of candidate spacecraft materials must be 0.1% or
less, and that weight-loss values must be lﬁ or less. Althcugh it 1is
possible that weight-loss values greater than 1% may not affect mechanical
properties, it is also to be understood that the volume change accompanying

a weight-loss of greater than 10 usually cannot be tolerated.

Thus, a polymeric mater:isl should not be considered suitable

fcr use in spacecrafts or be suabjected to further evaluation
anless it exhibits 1% or less weight-loss and 0.1% or less
maximum-VCM content on exposure to the thermal-vacuum envi-
ronment of 125°C and 10~6 torr.

Techniques developed in the course of this contract have provided not
only quantitative measurement of loss in weight but also quantitative
measurement of the maximum amount of volatile condensable material in a
particular polymeric product. Concurrently, techniques have been developed
for measuring the evaporation of condensates with time in vacuum and for
the identification of volatile substances, The equipment and procedures

used in these determinations are described in Scction III.




It i'as been noted above that most volatile condensable substances
are subsequei:tly evaporated from the surface on which they have con-
densed, The thecries and illustrations for the deposition and removal

of VCM with time are riven in the following paragraphs.

The determination of VCM depends upon differences in the rates of
evaporation of material., The Langmuir equation permits estimation of

the rate of evaporation of a pure compound:

) _f_/ﬁ
W= 17.14V T

where

2
= rate of evaporation in g/cm” /sec
molecular weight

= absolute temperature

U 2=
]

= vapor pressure in nmm,

The vapor pressure of pure compounds ray be expressed by the equation:

B
P = A - -
Log mm T
and this is easily transformed to
-B/T
P = 10A
mm

Now, if it is desired to compare the rate of evaporation of a pure com-
pound at two temperatures, it is obvious that the Langmuir equation can
be combined with the exponential form of the vapor pressure expression

to yield:

2

T
T

\V]
N
p—

where the subscript 2 refers to the higher temperature,
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Thus, in the instances of the VCM determination, where the higher
temperature is 125°C (398°K), the rates of evaporation at the two tempera-
tures asre related by the equation:

w39§ 10A—B/393

= 0.8653 —————7r——
W298 10A B/298

Some of the initial work done on VCM ueterminations was with silicone
poiymers. Since it is instructive to consider the vapor pressures expected
from silicone polymers, the work of Wilcox® is used. Data given in this
reference include the vapor pressure equations for compounds oi the

general form:

. r ‘ . /g .
(CH3)33101/2L(CH3)2slo]n\ .13)33101/2
The coefficient A and B of the vapor pressure equations given in the
reference were plotted and extrapolated to lower molecular weight values
purely for sake of example. Using these data, the evapcration rates for
various molecular weight compounds were computed; Figure 2 is a Cox-chart

plot of the evaporation rates, and some of these rates are included in

the table below:

RATIO OF EVAPORATION RATES AT 398°K AND 298°K

398°K | 373°%K

No. of Ratio
2989K a 2989K

W .
Si Atoms 298 Ratio

18 1.5 x 109 2,000,000 130,000

12 6.5 x 107° 150,000 3,000
6 1.9 450 150

The ratios obviously indicate that in comparison to the rate at
298°K the silicone materials evaporate much faster at 398°K than at 373%K.
More importantly, however, the high molecular weight material is evapo-

rated much faster at higher temperatures than at lower temperatures,

* Wilcox, D, F., J. Am, Chem. Soc., 68, 691 (1946).
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however, the rate of evaporation of the lower molecular weight material

is not influenced very much by an increase in temperature, but the lower
molecular weight material evaporates millions of times faster than high
molecular weight material at temperatures between 298°%K and 398°K. The
same conclusions can be made by reference to Figure 2; this figure clearly
shows that the rate of evaporation of high-molecular-weight substances

is affected by temperature more than the rate for low-molecular-weight

materials (flattening of the lines as the molecular weight increases),

For a polymeric material consisting of a distribution of wvarious
molecular weights, it is difficult to make quantitative predictions of
evaporation rates at various temperatures; the rates are nearly impossible
to compute when various effects such as diffusion of species through -
a molecular matrix, nonideal vapor pressures, and impermeable surface
layers are involved. Nevertheless, when work on this program was begun,
some qualitative generalizations were made abcut the kind of results
expected to be obtained from a VCM determination, provided impermeable
membranes are not formed and the resin sample is thin enough [or porous;
so that diffusion effects are negligible. Referring to Figure 3, the
upper (solid—line) curve in the upper graph indicates the cumulative
loss of weight in a vacuum expected from a resin {(say at 398°K ) which
has volatile matter consisting of a more or less uniform distribution of
molecular weight species. The solid-line curve in the lower graph rep-
resents the cumulative loss from a resin which has a preponderance of low
molecular weight species in the volatile matter. The dotted-line curve
in each graph represents, gqualitatively, the predicted cumulative weight
on a cold (298°K) collector which receives (straight-line; the material
released by the warm resin in a VCM apparatus; an attempt is made, in
these graphs, to show that the material collected on the cold collector
evaporates slowly and that the weighkt of material on the cold collector

is never stable,

The interesting point brought out by the graphs in Figure 3 is
that the weight of materizl on the collector plate after a very loang

time should continue to rise slowly if the resin gives off high molecular
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weight substances, and that the weight on the plate will eventually be
sero if the resin ceases to give off material early in the test., The
graphs do not give any idea of the times involved, but it is important

to realize that the relative evaporation rate data tabulated above in-
dicates that considerable time at 298°%K will be required to remove thin
films of high molecular weight material; for example, for an 18-atom
silicone, the weight of material evaporated in one hour at the higher
temperature (398°K) will require 2,000,000 hours for evaporation at
298°K! Moreover, since the evaporation rates of high moleculiar weight
materials are small, an exceptionally long time is required to remove
volatile material of this type from resins, and, as implied by the curves
in Figure 3, a very loing time must be utilized in the determination of
VCM to obtain weights of material on the cold collector plates which have

"leveled off."

Thus, according tc these preaictions, if a VCM determina-
tion is performed appropriately, it should be possible to detect a low
steady rate of vaporization of matter; this should be very important in

the selection of polymers for use in a spacecraft,

In an experiment to check the predictions of the rates of release
of easily-volatile and difficultly-volatile substances in polymers, seg-
ments of good quality vacuum tubing were impregnated, with common
plasticizers: dibutyl phthalate (easily volatile, m.w. 278) and dioc-
tylphthalate (difficnltly-volatile, m.w. 390); then, weight-loss and VCM
were measured after periods wf 24, 48, 96, and 330 hours in the thermal-
vacuum environment of 125°C and <10-6 torr, The resulting data are
plotted in Figure 4, and it is evident that the anticipated curves in
Figure 3 were nearly exactly reproduced in the experimentally-determined

curves.,

REDUCTION OF WEIGHT LOSS AND VCM

Because volatile materials are released in a thermal-vacuum en-
vironment, it is natural to conjecture that a polymer's weight-loss and
VCM values may be eliminated by "postcuring” thick sections in vacuum

at an elevated temperature; of course, this thought pattern ignores the
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faci that the determination of VCM is based on the use of thin sections
of materials (<1/8" thick; and thus is not limited by the rate of dif-
fusion of matter through thick sections. High-molecular-weight species
have such low diffusive rat s in polymers that thick sections cannot
easily be stripped of these substances. On the other hand, there are
instances where an extension of curing time or an elevation of curing
temperature has reduced subsequent ioss in weight or VCM content oi

thick sections of finished pclymer, but the reduction came about becausce
of removal of readily volatile and diffusive matter, or becausc the ele-
vated temperature forced completion of polymerization. YPcrhaps storagc
of polymers for extended periods of time at an elevated temperature in
vacuum may serve as a general procedure to reduce the amount of volatile
matter, but the time required may be completely out of the realms of
practicality, especially when thick sections of materials are to bc
treated. For example, a series of one-inch thick, RTV-type silicone
sealants, notorious for VCM content, were ''postcured” at JPL in vacuum

at 150° and 232°C and were submitted for test, In order to determine

the weight loss and VCM values of these materials, two samples for the
micro-VCM determinations (Section III) were taken from each submitted
specimen: (1) from en outer corner of the specimen and (2, irom the center
core of the specimen. The data are recorded in Table 1, For a thick
material prepared in the normal fashion with no "postcure," little dif-
ference if any can be noted in either the weight-loss or VCM between a
surface specimen or a specimen from the deep interior. During a thermal-
vacuum postcure, the surface areas are more quickly depleted of low-
molecular-weight material than the central area; naturally, relatively
higher weight-loss and VCM values will be obtairea for the center portion,
More importantiy, however, the center sections are not stripped of low-
molecular weight polymers, as is borne out by the relative constancy of

the VCM values,

The weight-loss and VCM values are improved in the thick pieces
after the higher-temperature treatment, but still are not low enough to
qualify the usual types of PTV silicones for spacecraft candidacy, The
infrared spectra of the VCM from these silicones _Figure L(b) and 1(c),

show that there is no difference in the VCM released from either the
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edges or the interior c¢f the specimens and also that th- haracteristics
are the same after thermal-vacuum postcuring. Thus, it can be stated
again that it is primarily low-molecular-weight silicone polymers which
contribute to this VCM and not solvents, additives, catalysts, etc.

The characteristic structures of materials relecascd by silicouces were
identified by the authors in the Firal Report for JPL Coantract 950324
(Oct. 1962 to Dec, 1963) and were considered to be indigenous and not
deliberate additives (cf. pp. 55 and ii of Interim Report No. 1, JPL
Contract 950745, June 1964 to August 1965),

On the other hand, a specially-processesd version of Sylgard-184
(E-691-22E) was included in the experiment; this material is the first
RTV-type material which has been screened that can qualify as a candidate
for spacecraft use as-prepared. Interestingly, there are no differences
in weight-loss or VCM values (Table 1) between the normally-cured material
and the material whi~zh was subjected to thermal-vacuum treatment. It
appears that the low-molecular-weight silicone fraction, which has been
identified many times at SRI by mass spectroscopy (e.g., Figure 5) and

infrared technigues (e.g., Figure 1) was "cleaned-out.'

The postcuring of polymers at an elevated temperature in air is
limited by the deleteriouseffects of he:z:t. It was observed that the
weight-loss and VCM of RTV-41/T-12 (GE) could be improved to nacceptable
values by a postcure of 24 hours at 250°C such as is practical for silicone
elastomers (see Table 2), but it appeared that its physical properties
were degraded. In order to check these observations, freshly-prepared
materials were cured for 24 hours at 25°C, for 24 hours at 150°C, and
for 24 wours at 250°C, and then were subjected to several mechanical-
properties tests. As shown in Table 3, the ultimate tensile strength
drops sharply after the 150°C cure, and remains about the same after a
250°C cure; elongation does not vary very much after the 150°C cure, but
increases significantly after the 250°C cure. Shore hardness drops dras-

tically after the 150°C cure, with the same valuc after the 250°C cure.

The results in Tables 1, 2, and 3 clearly demonstrate that

it is better to spend time and effort to produce a "clean"
polymer than to attempt to rectify inferior material. Stated
in another way, the space program should not be involved with
remedial measure:z when appropriate material is available,

18




RESTRICTION OF WEIGHT LOSS AND VCM

various schemes have been described for mechanically impeding the
evolution of material from polymers in a thermal-vacuum environment,
Obviously, if a polymer is hermetically sealed in a suitable container
so that it is not exposed to vacuum, there can be no loss of material.
If apertures are present, then the vaporization will be controlled by
the mobility of the vapors in the ullage space and, to a large measure,
by the rate of migration of the materials through the polymer matrix.
If the apertures are very small, then a Knudsen effusion cell 1s at hand
and the loss of material will be controlled by the pressure in the cell,
Gasket materials in their seats pose different problems and may behave
as follows: (1) There may be virtually no loss of matter because of
tightness of seal or size of opening; (2} The loss of matter will be the
same as frem an open gasket except that a much longer period of exposure
will be required; and (3) The release of matter will take place at nearly
the same rate as from an open gasket. Recent experiments with a variety
of gasket materials, of low to extremely high VCM contents, have shown
that as much as 16 mg of VCM can be released in 96 hours from a 4-gram

.

sample through an exposed area as small as 0.03 in .

Flange test-fixtures were designed according to the Parker Seal
Company recommendations (Figure 6, which permitted an exposed depth of
only 5 mils around the periphery of 2-inch O-rings, but provided an
additional free surface area because of the square point-contact con-
struction of the O-ring grooves., Also shown in Figure 6 is the design
of a rounded, maximum-contact O-ring groove which provides for a free
surface area of only about 0.03 in2. The differences in these construc-

tions and the contact of inserted O-rings is easily illustrated:

) 7

CONTACT-POINT MAXIMUM CONTACT
COMPRESSION COMRESSION
Ta 5046-60
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Specially—:ompounded O-rings oi silicone, ethylene-propylene,
neoprene, and Viton elastomers were sezaled (duplicates) within both types
of fixtures and then were exposed to the thermal-vacuum environment of
125°C and 10-6 torr for 96 hours in the macro-VCM apparatus (Section III).
Concurrently, completely-exposed O-rings under no restriction were run.
As shown by the data in Table 4, it is difficult to distinguish differ-
ences in weight-loss or VCM incurred by either sealed-in or totally~
exposed O-rings with a maximum-VCM content of less *than 0.5%. Thus, the
fact that the exposed surface areas were quite different (that is, from
3.5 in2 of totally-exposed surface down to about 0.03 in2 for the O-
rings under maximum compression) had little effect on the release of
volatile materials from the Viton, silicone, and ethylene-propylene

polymers.

However, the reduction of surface area clearly affects the diffusion
rate of the VCM from the neoprene which has a gross maximum-VCM content
(1.5%); it is intuitively obvious that this VCM will be released entirely
with time and that sufficient VCM to cause concern is released within

the first few hours of exposure in a thermal-vacuum environment.

That VCM did not migrate between the collector plates, possibly
leading to averaging-out of condensate weights, was clearly shown by the
cleanliness of the collector plates for the silicone elastomers and the
absence of condensate on the collector plates for the Viton materials.

At the same time, the collector plates for the neoprene and ethylene-
propylene materials were covered with "0il" and dripping so that some
VCM remained on the cooling block when the plates were removed for weigh-
ing. It is not surprising that these VCM values are a little lower

than those reported in the micro-VCM determination; however, there is

excellent agreement in weight-loss values.

Also shown in Table 4 are the effects of ihe thermal-vacuum environ-
ment on mechanical properties of the gasket materials., After this short

period of exposure (96 hours) little effect can be discerned on the Viton,

silicone, and ethylene-propylene materials which cannot be attributed to
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the statistics of comparing quadruplicate controls with duplica.ce test

specimens. However, there is no doubt about the gross loss in properties

of the neoprene material, undoubtedly due to the loss of plasticizing oils,

Thus, it can be stated again that a polymer with unacceptable
weight-loss value and particularly with unacceptable maximum-
VCM value should not be considered for use in spacecrafts

where it will be at tewmperatures higher than the surfaces of
critical components. It is possible, of course, that materials
such as potting compounds can be confined in hermetically-
sealed cans, but it is unnecessary to use poor materials and

to fabricate special containers when suitable polymers are
readily available.

Acceptable products have not yet been identified for several spe-
c¢ific applications, e.g., temperature control coatings; in these in-
stances, the products can be c¢leuaned up by ¢ thermal-vacuum treatment

since they ure usually used as thin films and thcir volatile contents

can be readily removed.




Table 1

MICRO-VOM DETERMINATIONS:
EFFECT OF THERMAL-VACUUM TREATMENT (AT JPL)

ON DOW-CORNING STLICONE ABLATIVE MATERTALS 17 THECK)
(24 hr at 123°C and 107° vorr)
(VCM collectors at 25°(0)
. . TOTAL
AMP :
MATERTAL THREATMENT > :\;\‘1::["[' wT. ;.Lr'\_i;
e LOSS, < ‘
Sylgard-181 as received surface 1.30 | 0.63
{no phenyl) : center core 1.306 (.08
21 hr 150°C 107 % vorr | surface (.85 | 0.39
center core 1..09 0.55
24 hr 232°C 107" torr | surface U. 43 0.24
center core 0.93 0.53
XR-63492 as received surface 1.86 0.61
(low phenvl) center core 1.95 | J.62
24 hr 150°C 107% vorr | surface 0,99 .40
center core 1.4 .28
24 hr 232°C 107" torr | surface o7 f ol
center core 0,51 0,50
u3-002 as received surface 96 0.52
thigh phenyl) center core 2.u8 (URE Y
2t hr 150°C 1P tors | surface 0,45 0.1t
center core 1.55 4l
1 hr 232°C [ P torr | surtface n.12 1, b
center rore 1.15 0. 32
Eo0i - 22F as received surface TR 0 tin
{expt] resin, center core 0,18 | 00l
special lv processed -
Sylgard-164) 1 hr 150°C 107" torr | surface TN I
celiter core 0.19 0, {1ty
1 he,232YC 1o surface .11 (IR
center core u.17 0, Ut
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Table 2

MICRU=VCM DETERMINATIONS:

CURING ON RTV- 41

T-12 STLICONE

EFFECT OF ELEVATED- TEMPERATURE

CGENERAL ELECTRIC

MATERTAL CURE “lftl,,\\-l\', b a
RTV-4+1.T- 12 Hohe 2707°C + L hre S07°C RSN (U1 O
RIvV- 11 T- 12 Postcured 21 he 1707 | R TNt
RIv-11 T-12 Postcured 2t hre 270°C 0.7 TR

EFFECT OF CURING CYCLES OF MECHANTCAL PROPERTLES

Table 3

OF BRTV-t1 T-12

CGENERAL ELECTREC

ULTIMATE
CURE \’I’I’LI(\I*\\'I"I'-}‘}H FLONGATION. | SHORE HARDVESS.
SAPLE !
'L -

21 hr 237¢C

\ 6.4 30 120

B noo 305 [0

¢ h3 315 |

D d.1 LI L5

k. a2 thu 20h
Averuage 364 1t
2t he 150°C

A y 230 IRIE

B .o 217 | o

C. n 0 RERS Lol

D NG 325 173

[ 30 REIS 140
Average AR (R
21 hr 2°0"C

\ 3T 285 (Hi

B 1T 105 170

( t, 2 3l A

D nol fis Jlo

k. 5.2 Jnt Y
Average QU Yol
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Table 4

MACRO-VCM DETERMINATEONS:
COMPARISON OF OUTGASSING CHARACTERISTICS AND MECHANTCAL PROPERTTES
OF TOTALLY- EXPOSED O-RINGS WITH SEALED- IN O-RING>S
AFTER 96 HOURS AT 125°C AND 107° TORR

MATERIAL TOTAL ) va, SPORE TENSILE, | ELONGATION
/ CONDITION LO.\.\': - wt-% | HARDNESS pst AT BREAK, <
Viton 377-9

As recelved

Totally exposed
Point-contact compression

Maximum-contact compression

Silicone 5004-7
As received
Totallv exposed
Point-contact compression

Maximum-contact compression

Ethvlene-propylene
E515-8

As recelved

Totallv exposed
Point-contact compressicn

Maximum-contact compression

Neoprene (520-7

As received

Totally exposed

Point-contact compression

Maximum-contact compression

NOTES;
[. ALl samples were 27 O-rings with 3 15" walls, and were spocrally compounded
by the Parker Seal Companv,

As-recerved O-rings were tested 10 quadrupl:cate for mechanae al pruperties;
axposed O-rings were tested an duplicate.
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pild
7
WAVELENGTH :MICRONS!

(a) Fpoxylite 295-1 A/B (batch 2649). Manufacturer’s sample; mixed 1:1 and cured 8 hr '113°C

R
MR { T
10

7 8 9
WAVELENGTH (MICRONS)

(b) Sylgard-184; outer corner of 1" -thick slab cured at ambient temperature

i s o s
10

7 8 9
WAVELENGTH (MICRONS)

(c) Sy'gard-184; center core of 1" -thick siab af‘er treatment for 24 hr at 232° C and 107% torr

FiG. 1 INFRARED ABSORBANCE CURVES OF VCM (at 125 25°C) FROM POLYMERIC
MATERIALS EXAMINED FOR SPACECRAFT USE
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CUMULATIVE WEIGHT — »

CUMULATIVE WEIGHT —

RESIN WEIGHT LOSS AT 398° K

-

-
- -

T o — —— -

RESIN WITH "NORMAL DISTRIBUTION"
OF VOLATILES

TIME —3

—__q
\RESIN WEIGHT LOSS AT 398°K

/’ N
/7 ~
/ S WEIGHT ON COLD PLATE (298°K)
/ A S~ -

RESIN WITH PREPONDERANCE OF
EASILY VOLATILE MATERIAL

TIME —>
RA-4257-20

FIG. 3 DIAGRAMMATIC REPRESENTATION OF THE QUALITATIVE RELATION OF
LOSS OF WEIGHT OF RESINS AT 398K TO VCM RESULTS




I I
WEIGHT-LOSS FROM
1:I MIXTURE DBP-DOP

WEIGHT-LOSS FROM DBP

PERCENT OF INITIAL WEIGHT

VCM FROM 11 MIXTURE
DBP-DOP

e = VCM FROM DOP

—————

-=VCM FROM 0BP
| i
160 200 260 309 340
TIME —— hours

FIG. 4 WEIGHT LOSS AND VCM DATA FROM EXPERIMENTAL RUNS WITH
RUBBER TUBING SATURATED WITH DIBUTYLPHTHALATE (m.w. 278)
AND DIOCTYLPHTHALATE (m.w. 390)

WEIGHT-LCSS AT 398°K

WEIGHT ON COLD PLATE AT 29€°K
(VCM)

PERCENT OF INITIAL WEIGHT

! L ! |
100 150 200 250 300
TIME ——hours

FIG. 5 WEIGHT LOSS AND VCM DATA FROM RUBBER TUBING ITSELF
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111, EQUIPMENT AND PROCEDURES
FOR DETERMINING THE AMOUNT, BEHAVIOR,
AND IDENTITY OF VOLATILE MATERIALS

Thermal-vacuum analytical procedures are used for determinations of
loss in weight, maximum-VCM content, and the character of the VCM re-
leased by polymeric products. 'Fingerprints' of VCM are obtained by in-
frared spectrophotometry; and noncondensable substances are identified by

mass spectrometry.

MICRO-VCM DETERMINATIONS

The technique developea at SRI for the rapid screening of cundidate
polymeric materials for spacecraft use has been called the "micro-veM'"
determination because the quantity of sample used is of the order of mil-
ligrams and the amount of volatile condensable material collected is
generally of the order of micrograms. The maximum-VCM content and the
total weight loss of as many as 24 samples can be determined by this
procedure after only 24 hours of exposure to a thermal-vacuum environment

-0
of 125°C and 10 = torr. That the VCM value obiained in this way is very

rlose to maximum has been proven many times (vide infra).

The basic unit for the micro-VCM determination is shown mounted on
a 6-inch vacuum console in Figure 8. The micro-VCM apparatus is attached
via a 6-inch elbow to the high-speed vacuum system, aquipped with a Welch
1397B forepump and a CVC MCF-700 diffusion pump; a liquia nitrogen trap
is included in the system. The elbow is fitted with vacuum gages and
utility plugs which carry the lines for power, water cooling, and thermo-

-6
couples; a pressure of at least 10 torr is easily maintained,

The micro-VCM apparatus consicts of two copper-block heater units,
cach of which accommodates 12 samples, and a common cooling unit for the
VCM collector plates. Samples are contained in individual bored-out
compartments in the solid copper blocks; the compartmecnts are covered by

copper discs sealed with Teflon O-rings. The heating elements for the
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blocks are made of Xaclglo wire which has been silver-soldered in place

at sufficient intervals to maintain a block temperature of 125°cC.

(The two copper-block heaters are independent; this makes it pos-
sible to make runs where one set of samples is held at 70°C and a second

set is held at 125°C, for example.)

The path from any sample compartment to its VCM-collector plate is
defined by a large hole (in comparison with the compartment size); cross-
contamination between compartments is abated by insertion of an egg-crate
baffle. The efficiency of this system in preventing cross-contamination
has been demonstrated statistically by running numerous blanks at the
same time with samples containing large amounts of VCM; the efficiency
of the baffle system was also confirmed when samples with exceptionally-
high VCM contents were run at the same time as samples with acceptably-

low VCM contents,

(Complete design drawings for the apparatus were published in

Interim Report No. 3, Part II, under this contract.)

Procedure. ~ Finished polymeric products (e.g., elastomers, hardware and
structural) are cut into small pieces of about 1/16" x 1/16" and post-
cured as required. Products which require compounding are mixed in at
least 100-gram batches in order to ensure representative samples, cured
as slabs of no more than 1/8" thick, and then cut into small pieces.
Polymers to be used as coating materials are applied to stainless—-steel
screens; the thin coatings are then cured. Oils or viscous liquids are

taken up in ignited asbestos.

Samples of 100-200 milligrams are placed in previoucly-weighed
micro aluminum boats and stored in an atmosphere of 50% humidity for at
least 24 hours. Then the samples are weighed on a microbalance and
placed in the compartments in the copper blocks; the compartment covers,
sealed with Teflon gaskets, are secured by screws., The polished and
cleaned copper collector plates are weighed on a microbalance and
fastened firmly to the copper cooling block hy screws. When the bell-jar

{shown in Figure 8) has been set over the apparatus, and the system has

-5
been evacuated to a pressure less than 10 to.r, the copper blocks are
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brought to 125°C. The temperature is maintained for 24 hours; thenu the
blocks are allowed to cool under vacuum to at least 50°C, whereupon the
bell-jar containing the apparatus is vented with dry nitrogen or helium,
The samples and collector plates are removed, placed in desiccators, and

weighed in order of their removal from the apparatus.

The results of the micro-VCM determinations which are summarized
throughout this report are based on a minimum of 2 determinations per
sample. Preliminary work and subsequeant observations have shown the

average reproducibility of determinations to be as follows:

Av. wt-% of VCM Av. reproducibility (abs.)
<1% +0,05%
1-5 +0,20
5-10 +0.50
10-20 +1.0

In the initial work on this program, blank runs were made 2t randor and
the VCM collectors were aiways found to be free of condensed material;
since March 1966 blanks have not run routinely since it was established

that no cross-contamination was occurring between sample compartments

and that the change in weight of blank VCM collector plates did not vary

more than #10 micrograms.

MICRO-VCM BY IR

The micro-VCM determination has been extended to include the record-

ing of infrared spectrophotometric ''fingerprints' of the VCM released

by polymeric products. For this purpose, the copper collector piates
have been replaced with optical salt flats. The design of retaining
rings and pertinent dimensions of the salt flats are given in Figure 9.
The amount of VCM collected on the plates can he obtained with a micro-
balance or the amount of VCM can be obtained from calibration curves by

measuring the infrared absorbance. At present, both weights and infra-

red absorbances are being recorded. The correlation of VCM weights




collected on copper plates and on salt flats is shown in Table 5; appar-

ently, both methods of collecting mate.-ial are equally efficient.

By itself, the infrared (IR) technique provides an excellent method
for quality control since the volatile materials from different classes
of polymers show different absorptions in the IR, and the volatile mate-
rials from the same basic polymers may have ditfferent characteristics
because of sbustituents on the basic polymer linkage or differences in
compounding formulations. An example of the efficacy of infrared
"fingerprints’ of VCM as a measure of quality control is illustrated in
Figure 10; curves (b) and (c) vary distinctly from curve (a) for the VCM
from epoxy-glass fiber circuit-board materials, ostensibly of similar
nature (Micaply EG series, the Mica Corporation). The strong double
peaks in curves (b) and (c) were identified as -CN-bearing functions,

and the material was subsequently identified as a polyamide.

A catalog of the infrared spectra of the VCM from polymeric products
is given in Appendix C. It is znticipated that this catalog will serve
a two-fold purpose: (1) For e laboratories which are equipped to
collect VCM by the nic1o-VCM 4R procedure or by macro-VCM procedures
which will provide a sufficient amount o7 material to be transferred to
an optical salt flat, the sp~:iia become a reference file for ~hecking
conformity of new batchnes ~f tre same products or of materials claimed
to be equivalen’. 9 . . .rnatively, the spectra become a first refer-

ence for iso .. .. -~ _.e of contamination of space-simulation cham-

bers or sact. tii*s undeigoing tests in a simulated space environment;
this . aLoviculs,ly advantageous at facilities where analytical equip-
ment a. - sersonnel are limited since the spectra need not be interpreteu

but oniy matched aguinst "fingerprints.

Explorator, c¢xj riments nave shown that the infrared absorbance of
the VCM cai. be weasur a and calibrated vs actual weight of VCM so that

VCM can be deicrmined guantitatively by IR without recourse to precise

weighings on rocnalytical balances. An example of the relationship
of IR at . _e to weight of VCM is given in Figure 11; also shown is
the ract .. 4’ {ferent types of silicones will have differcnt degrees of

wbsor! ance i1 thue same wavelength. (The actual data are summarized in

tle .
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MACRO-VCM DETERMINAT IONS

The macro-VCM determinations, utilizing - to 1lU0-gram samples, pro-
vide information on the rate at which offending VCM 1s re-evaporated
(see Section I.). he results of these detemminations also provide in-
sight into whether a modified cure or n modified blend of components

will yield a polymeric product suitable for spacecralt use.

A photograph of the assembly of 12 macro-VCOM sample cells within

the vacuum chamber is given in Figure 12, and Figure 13 illustrates the
entire vacuum system used for obtaining macro-VCM data. (Complete de-
sign drawings for the macro-VCM sample cells, fixtures, and assembly are
given in Interim Report No. 3, Part II.) The vacuum chamber is a 24-inch
diameter, 35-inch long cast-steel bell jar. The essential components ot
the vacuum system are a Cenco Hypervac-100 roughing ptv-p, a welch Modea
1400 holding pump, a Temescal F-2530 vacuum valve, a CVC PMCU-10B diffu-

sion pump, and a cooled baffle eiiploying Frcon-3502 reirigeration.

The supporting rack for the VCM apparatuses is fastened to the
faceplate of the vacuum chamber, and the bell jar 15 moved into place
on & track., The nozzle of each sample ceil is positioned so that sub-
stances volatilized at 1253°C will pass through an opening in on aluminum
baffle to a polished aluminum VCM-collector plate nmaintainea uat about

25°C by water-cooled lines soldered to the collector-plote support.

The heated sample chambers consist of two spun-co -.er halves
(Figure 12), each wound with an XacTglo heating element silver-soldered
in place. The halves are joined and sealed with Teflon gaskets, In-
dividual thermal control and thermocouple sysiems are provided for each

half of each sample cell (control panels, Figure 13).

During a run, the sample cells are maintained av 123°C; operation
records indicate +that the chamber pressure ranges from about 10—6 torr
in the 24- and 48-hr runs to about 10_7 torr in the 96- and 336-hr runs.
Since preliminary work indicated that "blank” collector plates adjacent
to plates on which material is deposited suffer no increase in weight,

a full complement of 6 samples (in duplicate) has bHeen used lor making

most of the macro-VCM determinations reported at this time. Recent
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work with gasket materials {Section 1I) has confirmed the lack of

cross-contamination.

Procedure.- Sufficient sample material is collected or prepared prior

to a run to provide for 4 determinations in duplicate; this is done to
ensure the uniformity of the sample used in establishing the VCM curve.
Samples are mixed and cured as described for the micro-VCM determinations,
but they are cut into pieces such that no thickness will be greater than
1/8" in order to minimize diffusion-rate effects. Configurations such
as sections of sleevings, honeycombs, electronics modules, etc. can

be accommodated easily in the macro-VCM sample cells since they have a
volume of about 12 1n3. The samples are weighed without prior exposure
to a constant-humidity atmosphere. They are placad either directly on
perforated shelves in the sample cells or contained in aluminum dishes

which are then placed on the shelves.

A macro-VCM determination consists of measuring the amount of VCM
collected (and weight-loss incurred) from polymeric products at intervals

-6
of 24, 48, 96, and 336 hours in an environment of 125°C and 10 torr.

It is tc be emphasized that sa.nles are not taken out
and re-inserted for additional periods of time; each
run in the series is made up of fresh samples. In
fact, the 336-hr run is often performed before the
24-hr run for maximum utilization of hours over wveek-
ends and Holidays.

The results obtained with the macro-VCM apparatus are definitive
and provide the final data by which polymer candidacy f .+ spacecraft use
is determined (see Section II); in contrast, micro-VCM results are used
only for eliminating grossly inadequate polymers. Eventually, data ob-
tained from the macrc-VCM determinations may be used for definitive

studics of the diffusion rates of the volatile substances relative to

thickness of materials or surface-to-volume ratios; an indication of

<iiis relationship has been shown in Section II (VCM from gasket. materials).




IDENTIFICATION OF VOLATILE MATERIAL

Confirmation of the effectiveness ot the micro-VCM determination
as a screening technique for the selection of candidate spacecraft mate-
rials is affnrded by the results of the macro-VCM determination, Results
of many determirations with the macro-VCM apparatus indicate that the
maximum weight of condensable material is collected in about 21 hours
and that a 24-hour exposure of finely-divided material in the micro-veal
apparatus gives essentially the same value. Since the nature ol the
materials evolved is of interest, mass spectrome.ric examihation of the
volatile substances has been undertaken {1) to identifyv readilyv-volatile
substances which cause the observed weight-loss in a thermal-vacuum
environment, and (2) to identify substances which may be responsible

for the observed VCM,

One of the mass spectrometers used at SRI tor the identification
of substances released from polymers is a CEC Model 21-103C which has
been modified to include an ion-pump exhaust system ‘which ensures that
any detected hydrocarbons or silicones emanate only trom the matovial
under examination) and a versatile sample-inlet svstem which permits
operation of the spectrometer with or without the restricting molecular
leak as wetll as « direct line-of-sight path for vaporized molccules into
the ionizing region. Another CEC Model 21-103C mass spectrometer has
been converted to a medium-resolution instrument by the addition of a
Wien filter and electron multiplier; a direct-probe syvstem is used for
the introduction of polymeric samples. This spectrometer is used ftor

identification of high-molecular-weight species.

The mass spectrometric analysis procedure involves pumping the

. , -6 .
sample at rcoum temperature until a pressure of at least 10 torr is

reached in crder to remove surface moisture and gases; then the sample

is heated quickly to 125°C aid the spectrum ot the volatilized substances
is recorded within a few minutes. Sumple sizes range from 1 milligran

to 10 micrograms depending on the sensitivity of the instrument used,

The mass spectrometer runs also confirm that small pieces of polymeric




material are completely stripped of volatile substances within 24 hours
at 125°C (in vacuum). Hence, when small pieces of polymers are sub-
jected tc micro-VCM conditions, the material collected on the cold plate

will be nearly the maximum amount given off.
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FIG. 8 MICRO-VCM APPAPATUS MOUNTED ON 6-INCH VACUUM CONSOLE
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(a) MICAPLY EG-284T, TYPE GH. As received, stripped of copper. (Scaie expansion 5X)

WAVELENGTH MICRONS

(k) MICAPLY EG-758T, TYFPE GE. As received, stripped of copper.

o
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ic) MICAPLY EG-899T, TYPE GF. A5 received, stripped of copper.

FIG. 10 INFRARED ABSORBANCE SPECTRA OF VCM AT 125 25 C FRCOM
EPOXY-GLASS FIBER CIRCUIT BOARDS
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IV. EQUIPMENT AND PROCEDURES FOR COMPREHENSIVE TESTS
(PHYSICAL, MECHANICAL, ELECTRICAL PROPERTIES)

The importance of screening polymeric products ftor volatile and
volatile condensable materials has been emphasized in the first few
sections of this report and suggestions have been made that there is a
relationship between the loss of volatile material and the ultimate
mechanical properties a pol:mer will have alter prolonged exposure to a
thermal-vacuum environment. Thus, it was necessary in this program to
measure the changes in mechanical and electrical properties which occur
when polymeric products are expcsed to a thermal-vacuum environment be-
cause spacecrafts must perform reliably for periods of months, and
eventually for periods of years. (Long-term storage tests in the
thermal-vacuum environment will be discussed later in this report. )
More importantly, however, since the polymeric materials examined under
this contract are intended for use in the sterile unmanned spacecrafts
which may be used for landing on distant planets to search lor lite
iorms, the effects of decontaminating and sterilizing treatments on
polymers also had to be measured. It i3 obvious then, that polymers
which qualify for use in unmanned spacecraft nust be able to retain
their properties through decontamination and sterilization cycles and
continue to maintain these properties when subsequentiy exposea to the

thermal-vacuum environment of space flight.

Several studies have been made {not at SRI, ol the effects on poly=
meric products of (1) decontamination cycles only ’humidified ethylene
oxide-Freon at 50°C); (2) sterilization cycles only  nitrogen atmosphere
at 135°C); or (3) decontamination cycles followed by sterilization cycles.
The results of these studies unfortunately can not be combined to deter-
mine whether a polymeric material can successfully withstand steriliza-
tion and then resist a thernal-vacuum environment. A comprchensive pro-
gram was initiated at SRI to prcvide data on "1, the effects of decon-
tamination cycles, (2, the effects of a thermal-vacuum environment, and

{3) the effects of successive exposures to decontamination cycles and a

thermal-vacuum environment:
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(1) Deccatumination. Six 30-hr cycles of humidified
ethylene oxide-Treon-12 at 50°C;

(2) Thermal-vacuum envircnment only. Three weeks
(500 hr) of exposure at 135°C and 10-6 torr;

(3) Decontamination cycles plus thermal-vacuum
exposure.

Equipment

A multiple-cell test unit was designed to accommcdate 30 sample
cells, each of which could contain several configurations of a single
polymeric material according to the subsequent physical/mechanical property
tests to be performed (see Figure 1i4), and each of which was isolated
from its neighbor so that all possibilities of cross-contamination are
eliminated. The system was so designed that the materials could be ex-
posed at atmospheric pressure to decontamination cycles and subsequently

exposed, ia the same sample cells, to a thermal-vacuum environment.

The primary manifold (responsive to the 30 cell-units) leads via a
6-inch duct to the vacuum system which includes a fore-pump, a 6-inch
diffusion pump, water-cooled chevron baffle, and a gate valve. The valve
is used tc isolate the vacuum system wnen the upper assembly is being
used for pressurized exposures. The test uait includes two electrically-

heated ovens; circulation is prompted by a blower-duct system.

Complete design drawings for this unit are given in Interim Report

No. 3, Part II, December 1966, under this contract.

Operation Procedure

(1) Each sample material is prepared in suitable sizes and shapes
according to the tests to be performed. Where possible, a single speci-
men is used for more than one test (e.g., weight-loss and dimensional
change). The test specimens are either suspended in the sample cell
(see Figure 14) or laid flat on a wide-mesh screen. It is to be noted

that only one polymeric product is contained in each cell,

(2) The sample cells are sealed in place in the oven chamber

which is brought to 50°C within one hour. Tie cells are then evacuated
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to about 10°3 torr and water vapor at 530°C is introduced through heated
valving systems to provide a relative humidity of about 50%. The de-
contaminating agent (12:88 ethylene cxide:Freon-12, Matheson Company )
is passed through a heat exchanger which brings it to 50°C and into the

sample cells to provide an atmosphere of 455 mg/liter ETO,

After a 28-hr period of 50°C in the humidified ETO atmosphere, the
system is cooled to room temperature within one hour. During this period,
the cells are evacuated for 10 minutes and vented to the atmosphere;

evacuation and venting is repeated twice more to ensure complete flushing.

Six 30-hr cycles, as described above, complete the decontamination

treatment.

(3) sSamples to be tested only for the effects of the decontamination
treatment are withdrawn, and fresh samples ure put in their place for
tests of the effects of the thermal-vacuum exposure only. Other samples
are left in place for final tests of the effects of the decontamination

treitment followed by a thermal-vacuum treatment.

(4) The cells are then evacuated to l()-6 torr while the oven tem-
peratures ave raised to 135°C. The samples are maintained in this
thermal-vecuum environment for 500 hours. At the end of this period,
the ovens are cooled to room temperature and the cells are vented to

the atmosphere. The samples are all removec for final testing.
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Test Procedures

Note:

Duplicate samples of 1" x 6" were used for dimensional change,

change 1n weight, and change in hardness.

(1)

(2)

(4)

Dimensional change

The distance between bench marks on samples was measured
to within +0.001 inch with vernier calipers with an
accuracy considered to be +0.001 inch. The bench marks
were lincated from 5.0-5,5 inches apart. The change in
length is expressed as per cent of initial length.

Change in weight

Samples were weighed either on an analytical balance or a
micro-balance as required by the initial weight of the
sample. The change in weight is expressed as percent of
initial weight.

Hardness

The hardness of structural materials was measured with a
Wilsor. "'Rockwell'' Hardness Tester according to ASTM
D785-62, using a 0.500-in. ball with a 60-kyz load.

The hardness of seal and gasket materials was measured
with a Shore Durometer Type A-2 according to ASTM
D2240-64T, using a l-kg weight; readings were made within
one second after applicatior of the load.

An average of 5 determinations was made for each sample.
Results are reported as Rockwell or Shorc numbers.

Tensile and Elongation

The tensile and elongation measuremen-s were made at about
70°F using an Instron Model TTCIM-6.

Duplicate test specimens of film and sheet materials were
cut with an ASTM die D: the speed of testing was 1.00 in/min.

Test specimens of structural materials were prepared and
tested according to ASTM D638-64T. Duplicate type III
test specimens were machined for each sample; the speed of
testing was 0,05 in/min.

Tensile specimens of seal and gasket material were cut
from 6" x 6" x 1/16" cured stock by an ASTM die C.

A modified method, employing a scaled-down die, was used
for testing many of the seal and gasket materials in order
to ensure sufficiency of specimens for the entire test
program. The test specimens had a gage length of

1.000 inch and a width of 0.125 iach. Triplicate deter-
minations were made on each sample at a testing speed of
1.00 in/min.
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(5)

(6)

Duplicate snecimens of tie cord (lacing tape) materials were
tested according o ASTM D638-64T at a testing speed of

1.00 in/min. They were cut 8" long from the spools and

used as received,

Dielectric Constant and Dissipation Factor

Dielectric constant and dissipation factor measurements
were made according to ASTM D150-64T. The test equipment
consisted of a General Radio R~F bridgec Type 916A, a
Hewlett-Packard signal generator Model 606A, and a
Hallicrafter SX71 radio-receiver in conjunction with a
General Radio tuned amplifier and null detector Type 1232A.

Dielectric specimens 1,000 inch in diameter were machined
from the structural materials. The measurements performed
on these samples were made using a micrometer electrode
system (%General Radio ''Dielectric Sample Holder," Type
1690A) .

Specimens of protective coating material were first cured
in flat sheet 1/16" thick and then die-cut to ,000"
diameter. Specimens of sealant material were cast in
aluminum molds 2.000" in diameter and 1/8" thick.

The dielectric specimens of film and sheet materials were
die-cut at 1,000 inch in diawcter. The electrodes were
made from aluminum foil 0.7 mil thick by 0,950 inch in
diameter. Silicone o0il was used to increase the contact
between the foil and the test specimen. The specimen and
electrodes were then placed between a stiff wire connector
for two-terminal measurement as shown in Figure 15.

It is to be noted that the majority of the samples tested
were of a thickness of 2 mils or less; since the silicone
0il was in series with the test specimen, it could cause
the measured dielectric constant to be too lov and the
dissipation factor to be too high, which seems apparent.
With this in mind, the data for film and sheet materials
should be examined only from the point of view of compar-
ison between control and test specimens and not as an
absolute measurement of either dielectric constant or
dissipation factor,

Compression Set

Compression set measurements were made in accordance
with ASTM D-395, Method B (constant deflection).

Aluminum molds werc fabricated for casting and curing
samples for compression-set measurements., The compression-
set test-blocks were designed and fabricated to fit

the sample cells; the flat plates of the test-blocks

were made rom stainless steel and the Lolts and spacers
trom Invar. Tuking into account the relative thermal
expansion coefficients between Invar and stainless
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(7)

(9)

steel 304 (0.8 X 10 -6 vs 9.€ X 10'6), there should

be 1ittle if any detectable change of the initial com-
pressive pressure. Compression of 257 was applied

to samples of 1/2" thickness.

Compressive Strength

Compressive strength measurements were made according
to ASTM D-1621; the rate of compression was 0,1 in/min.

Test specimens of foam material were cut thh a ro-
tating die which had a dlameter of 2.250" Sealant
material was cast in 2. 250""-diameter molds at a thick-
ness of 1,000 in.

Adhesion Shear

Aluminum strips 1" x 4" x 1/16" with a hole drilled
1/4" from one end were prepared from grade 2024-T3
\unclad) aluminum. The strips were cleaned by sand-
blasting, de-greased with acetone, and then immersed
in an aqueous solution of Altrex (6-8 oz/gal) at about
80°C for 8-12 minutes. They were then rinsed with
de-ionized water and oven-dried at 70°C, All appli-
cations of adhesive or protective coatings to the

test strips were made within 8 hours of the cleaning
process.

The adhesives and protective coatings to be tested
were applied to a ruled area measuring 1.0" %< 0.5"

at the end of each aluminum strip, opposite the

hole used for suspending test specimens in the
various environments., The strips were then mated
and a load of 25 psi was applied, in most instances,
and the samples were cured as indicated in the appro--
priate tables.

Control and exposed specimens were pulled with a
crosshead speed of 0.05"/min, using an Instron Model
TTCLM-6. The temperature of the test specimens was
70°F during all testing.

T-Peel Test

T-peel test specimens were prepared from 23"-lengths
of tapv and thermal insulaticn material. They were
folded in such a manner as to bring the adhesive-
coated side. of tne tape in contact with each other
and give 6" of test area in which to measure the
peei resistance (sec Figure 16). After folding the
specimens, they were rolled with a 1/2-in diameter
roller,

The tab ends (Figure 16) of the test specimens were
clamped in the grips of the tension testing machine
and pulled with a crosshead speed of 1.00 in/min.
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(11)

Note: This crosshead speed will cause separation
of the bond area at a rate of 0,50 in/min.

From the load curves, recorded on the Instron, the average
peeling load for the first 5 inches of peeliny after the
initial peak was determined and reported in 1b/in width.
All measurements were made at 70°F.

Adhesive Creep

The adhesives were tested in situ for creep under a
load of 1000 psi. Aluminum and stainless steel fix-
tures, fitted with compression springs ated at

630 pounds were designed to hold the testl specimens
in shear throughout the exposure periods. Design
drawings for these fixtures are given in the supple-
ment to this section.

Over-sized shear plates were cut from 2024-T3 {unclad)
aluminurm (0.063-in thick). After being sandblasted on
each side, the edges of the plates were machined to
1.000 £ 0.001 < 1.750 + 0.001 inrrches and cleaned as
described in Adhesion Shear (8) All applications of
adhesives to shear plates were n2de within 8 hours

ot the cleaning process. Each - the,i1- = was applied

to the lower half-inch of one sh. «: - 2te und the

other plate was put in place, t king .are not Lc entrap
air in the bond area., After tb -, i ens were cured,

one edge of the bonded plates wuwn polissed with 600
wet-or-dry paper, and a line was scribed perpenadaicular
to the glue-line with a razor blade.

The test specimens were then placed in the creep fix-
tures aand the springs compressed, using al Instron
Model TTCIM~-G. The loads were measured and each spring
was set to give a load of 500 = 5 pounds. Since each
test specimen had a bond area of 0,3 inZ2, the resulting
shear load was 1000 psi,

Creep measurements wa2re made to +0,005 mm during the
exposure of the specimens in the various environments,
using a Gaertner cathetometer to view the scribed lines
on the test specimens.

Breaking Strength

The breaking strength of coated tabrics was determired
using ASTM D751-64T, Method B, with specimens of 2" s 6",
The values reported represent the average lor specimens
pulled in both warp and weft directions of the materials;
these directions of weave were not identified easily,

and insufficient sample was available for adequate
testing in both directions,
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FIG. 14 VIEW OF MULTIPLE-CELL TEST WUNIT SHOWING THE LOCATION OF
SAMPLES IN THE TEST CELLS
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[V. SUPPLEMENT

DESIGN DRAWINGS FOR ADHESIVE CREEP TESTER

C50-16-82 CREEP TESTING TUBL (SAMPLE TEST FIXTUREL
AD046-83 Spring Retainer - upper
AD016-81 Spring Retainer - lower
AB0-16-85 Stud
A30-16-86 Blade Retainer - upper
A5016-87 Blade Retainer - lower j

A5016-88 Tube
AS0:16-89 Blade
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V. ADHESIVES (AD)

/

More than 40 adhesives have been screened by the micro-VCM tech-
nique for total weight loss and maximum VCM content., As shown by the
data given in Table 7, about 15 of these are suitable candidates for
further evaluation--all of them epoxy-based; the polyesters and sili-
cones are not acceptable, Whether the VCM results from the cleavage of
polymeric structures or is due simply to inconpletely polymerized frac-
tions of the products cannot be ascertained from the VCM data. On the
other hand, the infrared spectra of the VCM of a number of the adhesives
are given in Appendix C and indicate that low-molecular-weight epoxies
(e.g., Eccobond 45,/15, EC-2216) or polyamides {e.g., Epiboad-115, Scotch-
cast AF-126) are released .n the thermal-vacuum environment and condense
to furnish the offending VCM. The mass spectrum of the substances vola-
tilizing in vacuum at 125°C from FM-1000 was intcnse, indicating generous
release of low-molecular-weight epoxies, and confirmation of micro-VCM
disqualification, Since so many adhesives immediately pass micro-VCM
screening, it is not necessary to give further consideration to marginal

or inferior materials,

A number of the adhesives were examined for changes in mechanical
properties after exposures to decontamination cycles and the thermal-
vacuum environment. As shown in Tables 10, 11, and 22, Adhesive 46951
lost half its shear strength after ETO exposure and failed completely in
the thermal-vacuum environment, Little difference is noted after any ex-
posure for Adhesive 4684, but weight loss is excessive, Of th= epoxy
paste adhesives tested only for shear strength, all show satisfactory
performance with apparent increased strength after exposure to the thermal-
vacuum environment; these can be suggested for use under no-load condi-
tions. The paste adhesives which failed the tests for creep under load )
were those which had excessive VCM contents, except for the Epon 901/B-3 ‘

which perhaps is not compounded for use under load, R

The only film adhesive which failed under load was FM-61, which had

an excessive VCM content (probably low-mol-wt nylons). The excellent
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thermal-vacuum performance of the other film adhesives was indicated by

the good VCM data; not predictable, of course, was the deleterious effect

of the ETO cycles and subsequent TVE exposure on Metlbond-329.

Table 7
MICRO-VCM DETEBVHINATIONS:  ADHESTVES

(24 hours at 1253YC and P vorm
(VEM collectars at

MaERT AL} MER. - TREATMENT TOTAL Wi

LOSN,

I'.pnx\,'

p—.

Armstrong ; 100pA-2 4pA; 45 min T4°C +

15 min 93°C

\rmstrong ! X 100pA-2 bpk; 45 min 93°C
Armstrong A-12 P campie: cured 2 hr 873°C
Armstrong A-12 ¢ APC JPL sample; cored 2 hr 859 +

48 hr 125°C and 1077 torr
Armstrong A-32 - LoOpA o0pB; 214 hr 25°C

EC-101t A B 100pA 100pB: 11 2 hr n3™
FC-2216 A B THOpA 100pB; 2 hr n5YC

F-2216 A B 150pA 100pB; 8 hre 257C « 1 2 hr
125°C

Focobond 15 15 (blackd W00p15 100pl5; in hr 52°C
ccoobond 15 15 (hlack) Contractor’ ~ sample. as above;
2 hre 8390 ¢ 24 u0tC 1T o
+ 1 hr L00%C 1077 torr

obond 45 It { Contractor’ s sample. as above;
2 b 8570+ 23 e 15070 107 v
+ 1 hr 1307C 1077 torr

100ps5 12pe9; 21 hre 25°C

1OUpH5 12pa9; 16 hr 65°C

9 100p35 12p=Y; 21 he 150°C
Fecobond 1 WOp35 1Tpeall; 12 b 1507
Fecobond It 10pSHS 1Tp=11; 24 he 1504
Eecobond 104 A B 100p A ndpB; 3 hre 150°C
Eccobond 1ot A B [00nN il 8 b 1 56GVC

Feocobond Solder 500 4 {UOpSoC Spe: 1o he H0°C

Eccobond
Fo Hlmnd
Fecobond

[T 1 BENS 1 B
[ T BT NPT T

Fecobond Solder 500 4 [00pS6l SpaYy e hr RN
Eocobond solder 570 A B fobp N T00URB; T hr 5200

Fpibond 11 A recetved; o he 2570 ¢ lo hr
1257

Fpiphen ERE25A LOORH2SN L pMod =T Wpb i ler Top
B23A-vonverter: 8 hr 259
Foiphen ERB25A A 10Op8 23N 12pMod-T 40pFil.er Lop-

B23A-converter; 8 hr 73°C




Table 7 (Continued?

MATFRIALL MEHL THEATMEN | TOLAL WL,
LONS, Wi-
M_ (Cone Tuded)
Lpon 828 A ~CA L0878 8pA; 3 hr 937C u.7u 0,66
tpon 828 7 SCA ep828 2007 2 he 737C + 2 (. (TR
13590
Epon 828 Versamid-125 SCA 100p828 S0p125; 1 he 60V + .65 v, 77
Iohe 95°C + | hr Jou
Epon 828 Versamid 125 SCA 0O0R828 S50p125; 1 hre o3Y0C + .51 .12
I ohe 65°C + 24 he 1R6GC
Epou 901 B-} SCA LOOp9n T 23p8-1; 1 hre 95°C 0.3 ot
Fpon 901 B-1 SCA LOGpYOL 2313-1; 16 nr 5327C .28 0.0
Fpon 901 B-3 SCA LO0po L 23pB-3; 1-1 2 hr .14 0.0
FISYC 1o 2 hr 730
Epon 4903 SCA As received: 1 ke 17570 0,36 t. 21
Fpon @1t SCA As recerved; | L 175°C .21 .15
Epon 4|7 S0 A\s recerved; 1S oean 17570 bol7 U, 63
Epon 919 A B SCA LOUpA IopB; 3 hr 8270 [ 15 23
Epon 919 A B SCA FOOpA 33pB3; 2 hre w3 LT 0. 33
l"}»(m 931 A B ~CA oupA 1pB; | one 1257 [Vt 0. 0]
Epon 931 A B SCA LR 33pB; 7 e 827 holo (ET
Fpoxi-Pater A B HY~ Faunal Teng b~ A 2 hr ot 1.18 0.0
M- oen \CB A= recerved | ohe LO0YC 8.3 tond
FM- 1000 AURB A~ received; 2 b 1507 h. 22 508
- Tuou AR As recervedd; 2 hr 1T0M( G0 [ SR
M- 1000 (B As recenved: 2 ohe 206 So00 LT
N1 b ACB As received; 1 ohre 150 TLu5 5.Th
PM-1048 ACB As recerved; 2F b 1070 5.81 Zouy
Scotchweld AF-i26 DA As vecerved tno privert; o7 (.85
(BMS-551) I he 123
Fpoxy, mcdified
MNI-9al” ACB A\s received: T ohe 1730 .15 0. 0]
Met Thond-328 WON A reccaved; Y0 i 1o 0ol [
Met [ bond-2329 WON \oorecerved; 90 pin in3YC .26 0. 08
Epoxv-nitrile-nylon
\M-nl \CB s recerved: Lo LT h.nH .24
Fpoxv-phienolic Al-glass
HT- 121 \(B A recelved: 30 oan 00 TR 0.7
HT- 1214 \CB \s recenved: O ohe 1000 Hono Uit




Table 7 (Concluded)

1 R TN TOTAL WT. VCM,
MATERT AL MFR. TREATMENT LOSS, WT- 5
Fluorocarbon
Fairprene 5159 Acti- v 1O0pS 159 TpActivator; 48 hr 25¢ 2.08 0. 16
vator (Viton-A cement) + 8 hr 104°C
Pnlyv.\'tf'r
Adhesive 16950 me As received; 3 min 156°C 1.54 0.539
Adhesive 46951 np As received; 16 hr 253°C 1 hr 0.¢0 0.24
150°C
Cement 1681 P As received: 16 hr 253°C + 4 hr 7.2 5.062
150°C
Silicone
Chiemlok 607 L As received; 24 hr 25°C [2.602 1.62
Chemlok 607 DCC As received; 214 hr 150°C 2.9 0.36
Stlicone Primers
Fecosil Primer-33 FANIC As received; 1 hr 23°C 12.5 )
SS- 1004 GES As received; 24 hr 25°C 22007 .87
Ss- 1004 GES As received; 21 hr 1509 U. 40 0. 20
Ss- 0t GES As received; 24 hr 25%C 19.67 g.02
=N 3044 kS Az recetved; 21 hr 15uVC 1.5 0. 35
Sh- ol GES As received; 2% hr 25°C 23.76 T35
SN- o] Gk As received; 21 hr 1H0VC .72 t.1b
SS-1120 Gk= As received; 21 hr 23°C 24,48 14,60
SS- 4120 GEs As received; 24 hr 150°C 2. 60 .00

See \ppvnd 1x A,

~ee Appendix B,

66




emnssmes st bR W LR IR RER TCIRERE AR Getae

s

o et v e

Table &

MACRO=-VCM DETERMINATIONS:

ADHESTAES

r !
HOURS OF EAPOSUIE
WATERTAL® PRODERTY LSRN LERSUR L1
2t [ un $3n
Epoxi=Pateh A B ] We-Tloas, . To [NINTR N [
VML wt - IR RCRT SRRTPRIN I IRTITS!

S AMlixed coual dengtas of A and B, ared

Table

MASS SPECTROMETREC ANALYSTS 1N ol

VOLATILIZED AT 125°C AND 1077 I

Do el

1 OF MATERIALS
BB ADHESTVES

IDENTIEFIED
MATERTAL

COMPONENTS

Moo

Minoo

}‘:}ul\l Patch A B
FM- 100

butvl acetuate

lowsm.w., (to
SLOXy Tesins

e

Tabie [0
FFFECTS OF DECONVTAWINATION YCLES ON ARTESTVES
(Six oveles of huratdifred ETO-Freon for to hroat he
- | WETLHT ADHESTON =HEAR ¢ - CREEP
MATERT AL CHANGE
LA Contrael Tos: Coant o [est
Paste \dhesives
\dhesive {ni) RO-805 108 1n.27 Lt
\dhesive (0051 1k TN Va2 :
Armstrong \-2 E +1 13 IR RARER Hoge note
Fecobond 45 15 ~0 31 1277 1208 tan ted farled
Feoenbond 55 49 25 Linn 2o - - - -
Eccobond =older 37C A B .07 RO Gyl
Fecobond 10 A B w24 e RN -
Epon 828 Versamid 125 <300 22 2082 -
Epon wol B-3 018 2T TR e tone !
Epon vlv A B <177 R 2853 none tarled’
b 1r. \dhesives
R-nl ~1.27 2 2243 none Boane
FM-unt v, 1T A none none
HT - 124 <52 RERTEY 20 oot note
Vet lhond- 328 A 3340 vl toitie totie
Vlet Ibond- 320 IR 2177 | none Lone
Yol savples “ixed and ared ceder load are dyne 0 Crts dns N
: (ontted and res sa pies ndes Tioersr Loan L A les voed IR
¥ tontror and "est sarpies unde t Genepst odd ot s e 1t an i | ’ -
0
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Table 11
FFFECT~ OF THEBMAL VACTUM ENVTRONENT ON ADHESTVES

(0 hours at 13300 and 100" torm
. FS 10N SHE AR A CREEP
‘ | WETGH ADHESTON SHEARD pa REEL
MATERT AL HANGE
CHANGE Cont el Te st Control Test
Paste Adhesives
Wdhe~tve o8t BO-805 R RN 1300 .- .
Adhesive pout] Ctemperature sersice bimat exceeded- - \
Arestrone \-0 K gl 200k 2763 nelie nore”
Fecobond 15 15 nou2 1257 2651 fairled farled’
Feoobond 55 U L Y 1150 (AN - .
Foecobond Solder 570 AR S BG STIY) 1150 - -
Foecobond Tob A B 07 12 7T --
Fpon 428 Versanid 125 0,30 RETIR! AL - - - -
Fron Gol B-3 -3 273 SRRty none faited’
Fpon 919 A B BENGE: IRl IR - - -
— {rie Adbesives
FM-nl SEAT 2133 21d0 none farled’
FA-anl 057 3307 3581 none none-
HT-121 =), 24 2143 2424 none none=
! Vetibond 324 0.3t 3380 3273 none none ,
'l Met Thond-32v U 2177 2273 none none
\
Pyl vesi osa ples saxed and cured under load according to ~fr's anstra tions,
. Cont el and test sarples ander S0U-Lsy Vhad control sutples o arnt a:ned anoarr tor o3t hours at 2
Y lontrot and test osacpies ander joonepsa Toad  ontral satples o sintained 1noart for nB0 hours ar
2
Table 12
EFFECTS OF DECONTAMINATION (YOLES Py
THERMAL - VACTTA EAVIRONMENT ON ADHESTV S
| WETGHT ADHES TON SHEAR, p=n CREEP
MATERTAL CHANGE,
. Contrad Test Conteal [exs
Pa~te Adhesives
Aiestve (o8t RC-05 -3.15 1027 P ol - - .-
Wdhesive etnl cetemperature service limt excreeded- - , .
\ivstrong \-2 F -4, 50 2o 285 Hone none | -
Focobond 15 15 +1, b 1257 R ARAY! farled farled-
toocobond 350U -0 n7 1100 RN .- .-
Focobhond Solder 270 A B =i, 0 iy 1007 - .-
~ Fooobond 1ot A B +0, ) |4l P T .. .-
Fpoa 28 Versamad 125 T RN Jrr . --
Byon oo b Bes - 2T e RS farled”
Epon vl VB b Rl 2o ENE N .-
l.k . '\d}lt‘\l'.",\
NS S 2493 i hote farled’
el RN IRT T none none -
HT- 300 A Sl SO none none -
Mev thennd - ol LRI IR Tl noue none
Mer bboad - 2 _ 2T e Heotie nene
° e
\ chocoer o aned ara doed nde ol e andine b s nEr e o
(I wed cear s e mder T pen ad ot L s Pea caantatned o bor nHe s
1 2ot
[ el LR K oA N ! B ! L e oant Poanoanr b b
' 1




VI, CIRCUIT BOARDS /CB)

The circuit board materials discussed in this section are those
designed specifically for etched circuits, that is, copper-clad laminates.
Data for materials which may be used as circuit boards but also have other
structural applications (e.g., epoxy-glass fiber laminates) are summarized

with hardware and structural materials in Section X.

As shown by the micro-VCM data in Table 13, the circuit board mate-
rials which have been tested are excellent candidates for use in space-
crafts. The candidacy of Micarta 65M25 is further supported by the macro-
VCM determination (Table 14) which indicates the small amount of VCM is
disappearing with time; the probable contributor tc VCM has been identi-
fied as styrene ( Table 15) which may re-polymerize, VCM-contributor from
Micaplys EG-899T and EG-758T was identified from its infrared absorbance

(see Section III) as a polyamide; this may re-evaporate with time,

Table 13

AMPCROSVEA DETERVINATIONS:  CLRCE T BOARD
(20 honr~ at 12370 ant 1o torr o
ANV ol lector at 25700

NATERIAL FR. - TREATVENT b e
[‘:"l‘\\‘glii.\\, Coppoer -t lad

Micarta o5\M25 WA \s receryved ol g

Micaplsy EG=yudT TN s recerved  crpepgped (AR [ERES
of o e

Vicaply KG-TosT T A recerved s sty geed I (I
o opper

Vicaply EGes 4T Nk As recepved, arnapgeed T (R
ot Copper

FGe--2028bR Tope FL-GE Bt Av recerved sttt vk Lt
of Copp e

}-'l.-.ﬁv‘_‘r%, I‘\}w l-Gh b1t A tecenved, »Vllg;t"f . o
gt
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Table |1

MACRO VOM DETERMINATTONS

CIRCUTT BoYRD

HO

MATERLAL PROPEBTY

125"

EXPOSERE

\i
TORR

URs OF
Wb 1o

“t

18

We-loss, o i,
VOM,

Vicarta 60M2)

wt -/

IR

(IR

ved dacensions: 2 [ U

Table 15

OF MATEREALS VOLATILLIZED AT
CIBCLTT

H

W to " TORK

AlASS SPECTROMETRIC ANALY ST~ 1

ST
RN
BOARD

TDENTIFIED COMPONENTS

MATERT AL

Ma ot

Mot

Vicarta o00M2T sethvl cello

~olve ~tyrene




VII, COATED FABRICS {CF)

Praciically all of the fluorocarbon-coated materials listed in
Table 16 are excellent candidates foi' spacecraft use on the basis of
micro-VCM data. The polyimide- and phenolic-coated glass fabrics also

can be included in 2 list of qualified materials,

Representative fabrics from the various polymer classes were selected
for further testing in order to ascertain the changes in mechanical and
electrical properties after their exposure to decontamination cycles and
the thermal-vacuum environment, The results of these tests are given in
Tables 17 to 19, As shown by the test data, the polyimide- and phenolic-
coated glass fabrics display the greatest breaking strength and incur vir-
tually no change in mechanical and electrical properties after any of the

exposures.

The silicone-coated fabrics do not suffer much change in mechanical
or electrical properties after the various exposures, but cannot be rec-

ommended because of their excessive VCM contents,

The fluorocarbon-coated Armalon 98-101 incurs a 5-fold increase in
elongation after all exposures which may disqualify it for considered
use. On the other hand, Fairprene 84-001 not only shows the same ten-
dency to increased elongation, but also has a disqualifying high VCM
content; this is unfortunate for it has the highest dielectric constant

of the materials tested.
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Table It
MTCRO-VOM DETERMINATIONS:  COATED FARRLCS

(21 hroat 125°C and 100" torr)

(VEM collectors at 2370C)

VATERIAL ek | rREvENT l':i'“" hAE | wt
| Fluorocarbon-coated polvamde
} Armaion 98-101 DUF As received 0. 1o TR
| Fluorocarbon-coated polyester
Fairprene 31-001 DF \s received (R v, 2l
Farrprene 30-000) NF \s received 0.3 0.l
Fairprene 80-070 DEF A\s 1ecetved 0,30 0. 0]
Farrprene 80-984 D As recerved 34 0.4l
Fluorocarbon-coated glass
THY-PTFFE M A~ recerved TN Hhonn
Pheaolic
Phenolic-glass fiber [¢130 A~ receinved T nLind
Polvirnde-coated glass
PYRE MU L Tyvpe LS As received Tt T
~tlcone -« oated polvester
~RD- 5005 M A\x recelved [ nod
Silicone-coated pluss
SRG- 1810 MM Ac eceived T 0,34
stlicone-coated aluriinized glass
SBRGA-0211 W A~ recerved 02 0.3

See \p}»('nd i\

T See yppendix B

72




TPOATaagl SR DOSTE SR LI Qe gy

—y
m e

Nsen

poapoy- o)

o -

LA -0

Yoo+
Lo+ DR NS

(AR AN ol Ra B

g
cunTn
Pe0Th

GO0 RUSEN TR (et 111

TITATIT T

-4y ouaadarey

LAV
ony
Lo
bioto 0GP+

3 Mt 101 -%6 Bojen

—_—oemn
— e

] rtoeny |odauany

IRE NN

‘osuey) o taduryy
rsd tmadusaag AR jrRUOESU (]
Ay eoag

1oy ey e sue vtaedue ]y
o yedusse(] A REEEAL| )

_._e._ HALVIA

SATLHAJOMD TV THLYATA SALLHAdOHd TVOTAVHD I

\ :m. e ./.,:—.:— 04 ,_:.* ::L,M.‘*n:,_..u_ *_;.,—ﬂm._f:_; ‘w: f.;_ .,»; x_,/.'

SOHTHAVA JALYOD NO ST AOLLYNTRVIADDEA 40 SL0HAA4d
ool




TPAATaal SuopashoN

oo o
100
[O0 0

{on . '
ton” : Y : T . . . pore g o]

/.l.._:

S R Rl Kol Kol |

S Sl Kb ke

[Hon o
1000
Lao o

(ol Kok Bo Rap Ry |
[SREal Rok Ral B

[ Bk Eak Ear By |

100«
Qoo
Hlo Yy
L0
PO T4

AR EaN Ran Rav]

R A S (19

A

8070
000
nel o
6ty
Han

SELREE e

Ve

in . . :
600 "1 [$0™
e n contn
[V aron
RIFIS NG RAIURER)

Lt
:W
Le

I RO RAN RS Kk |

Liell

"l"l"l"l"l

is o (Ot [v1 o)) 1 [©01 e 1O o)
‘

fodueiy)
101 e g VR s Uy rsed tyaAna g mdtay R tsuatig
X

afnwy)

‘notged AR EIERANI

::_H«..:v _: :_y..l..:_ ’ n:_,:w;_: ]

SATLHAAOHd IV THLOA T SALLIdOHd TVOTNVHD AN

(1107 I puv ) CEoam o sanog oo

1l O -

SOTHEVA AAALVOD O LNARNCH AN B LDVA - IVIMAHL A0 SL)H4d4d

21l




TPOATO D SR pasn S P10 aR AT

10070 .
10060
Loa o .
og o .
a0

ARRAL)
Paano)- o1 oudyd

KO0 "0
0070
Va0 0

PETO-VOHN

TETITITT
[ RN RaR RAk Koy |

THo 0 o0
1060 0o
AT 00T
HO "D :
oo

[l Sl Eoar Ry

000
[0
000

[0 itnTn : . .
I ST 0T T : UV SN [owodag, TN AT

it kst

Tiw "0 grn
ol uetEn
28070 ong "o
6l0 ) act”
M SR £00-

—_—uTen

Hle'8 LT 1ho-1 g susadarey

no-o - Rt
CT0 0 [€o”
€000 ccno
01070 9100
1000 20070

13

Yoi cly e’ ' 101 -8 Ho|eury

[AF Kt ok KN

159l jo1i3uo0) joryuc) A R RTINS 180 |, [EER LTS

‘toduey) , ‘wdueiy)
dqegoe] jue Jsuo’) | 1sd BUREA R ESTN .;M_zs [BUO ISUILI(] |
) ; ’ ) VALV
1! !

~ .:,:_mu::ﬁm
uotyedissi( yiaoajorQ duryeary

SALIHAJOHd TV THLOATE SALLYAJOHd IV INVHD A

SOTHEVA TALVOD NO INARNOHTANT K LIDVA - IVIMAHL S Vid ST18) NOLLVATAVINODEU 40 S L4444

61 214el







VIiI., FILMS AND SHEETS (¥S)

All of the film and sheet materials which have been screened with
the micro-VCM procedure appear to be suitable candidates for spacecraft
use except Zor a polvvinylidene fluoride (Kynar—zoo) and the polyamides
(nylons); a marginal suitability may be conceded to Mylars Type T and S,
These data are summarized in Table 20, As shown in Table 21, the macro-
VCM determinations verify the qualification for PPC 681-111 and Teflon
FEP 500A. The apparcat increase in weight-loss values for the PPO tilm
indicated by the macro-VCM determination ( compared with micro VCM data)
is due orly to the fact that the film was used as received, whereas it
was annealed at 180°C prior to the micro-VCM determination. This is
further confirmed by the identification of solvents as constituting the
greater part of volatile materials (Table 22): these were undoubtediy
released at the high tempr:rature ot annealing. Mechanical property data
for the PPO film obtained after long-term storage tests (Section XXIIT)

also confirm the suitability of this film for spacecraft use,

The excellent values for Teflon FEDP 500A from the micro- and macro-
VCM determirations are verified by the data for its mechanical and elec-
trical properties after exposure to decontamination and thermal-vacuunm

environments as shown in Tables 23 to 25,

The electrical and tensile properties of Mylar Type T suffers little
by exposure to the decor.tamination and thermal-vacuum envircenments:; how-
ever, the dimensional change of about 10% in the thermal-vacuum environ-
ment is excessive and th2 micro-VCM rating is marginal. On the other
hand, Mylar Type A easily passes micro-VCM screening and incurs no¢ changes
in mechanical and electrical prcperties after decontamination and thermal-

vacuum exposures,

The polysulfone P-23)0 reflects in the thermal-vacuum environment
the same good rating as given by micro-VCM screening. However, there is

a distinct reduction of elongation values aiter exposure to ETO and
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subsequently ETO/TVE environments, The polyimide film 200XH667 (formerly

called H-film) is one of the strongest films suitable for spacecraft use

and displays excellent retention of physical properties throughout all
decontamination and thermal-vacuum exposures, Because of the indicated
data, this film is undergoing an 8-month storage test (Section XXIII) in

the tliermal-vacuum environment for plastic creep under load.

The two Tedlar films, transparent and filled, easily pass micro-VCM
screening and incur little change in tensile and electrical properties;
however, both of these films tend to stretch during exposure to the thermal-
vacuum environment, and this must be taken into consideration before rec-

ommendation for use.




Table 20

WUTCRO-VOM DETERMINATIONS:  FLIMS AND SHEETS
2t hrat 123°C and 107" torr
(VEM coellectors at 2576
- ol - Lt AL T TOTAL W, VO,
MATERTAL \MIFR . FREATMEN] Los~, A -

Polyande

Nomex, H-mil [} A\~ recerved 500 TR

=W lon e A recersed 3.0 wols
Poly fiunroethylene -
})['u}l\lr;np

Teflon FEP 5000 DLp As recenved [ [N

Teflon FEP JoOoA P As received Lo 0,

Teflon FEP 5004 P p As recerved TR TR
Pul\ l!hldc

hapton 200N nn7T IR\ As recerved EIR TR
Polyimide, floorocarbon-
((\dlvd

Kapton 200N{FU20A DLV A recerved oot Hoes
Polyvpheny tene oxide

PPO o8l-111 clear: CF( Anealed T2 hre Iun v TR

PO 531-081 topaque (1 As recenved B ol
l’()l\ 5”1 f““('

P-2300 e Anncaled 12 hr 125370 s o

P73 5-121-2 (Y As recernved Y (L
Polvterephthalate

‘Wlar Tvpe SU0A DIV A recenved 2 (R

W lar Type 1005 D As recerved el il

\Wlar Ty pe looT DUy As recerved o0 (KR
Polvvinvl fluoride

Tedlar ALsowH DEs As recerved [ st

Tedlar LonBGIOTR (LI \s recetved ol L

Tedlar 100BGOTT DA A~ recered R R
Polvvinsy Indene tlaoride

K} nar 200 P A= recetved 2l .
Pol\‘-p-x\'lvlw

Parvlene C P As recerved il [

Pars lene N\ Lop As recerved i

-

See Appendic A

See Apjendix B,
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Table 21

AACRO VO DETEBMINATEONS: FLIAMS AND SHED TS
HOL =~ OF EAPOSL KT
MATERT AL PHOP LR TY R
'l 1 ' )
PPO oxl 11l o lear) We los-. 0,57 0.t ., 7% T2

Tetlon-FLP oA

VOM, wt u.07

W loen 0.0l

.00 0.0l 0,01

(). 0] 0o on]

0.1 o] 0. Ui

S PPO e l-10), ae
fetlion FEP 00N,

A SPECTROMETREC

VOLATTHAZED A

1

¢

s reeersed, 5]

!

Table 22

2500 N 0T ToR

ceanved; b L )L 0]

1.

L0

ANALYSTS TN STTE OF MATERTALS

FEEMS WD SHERTS

MATERTAL

TIENTIETED COMPONENT S

Tago

Mino

Milat '['\ivr- BULAY
Pro oedl-1d

Tetton-FEP Suny

—ulvenls tonw,
atorat 1o ~odvent -

e pithiabar e

~qualent

ity

drocoapithaiate
sqtalene

carbon dronade
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EFFECTS OF DECONTAMINATION CYCLES ON FLUANS AND SHEETS

iNix cveles of FTO-Freon

Tauhle 23

for 30 hours I
MECHANTCAL PROPERTIES ELECTHICAL PROPERTLES
. . Yireu- Toriet Lo Elorration at Phreleotye Dissipat o
MATERT AL [sumul “e-xgh! Pensute, Bt Bredaw, Froe- vonstant ".lt‘lu{
Change H’“'fup' - quens s,
Cont ol lest (ot rao] Te MH 2 Contral Test Cout ral It
Kapton 0.2 +3.0h RE STV DUl SRt 5t 30 | RN R S an] 0, o0
200N07T i 2.0 280 | o ong T
20 280 200 B0 00
35 Y 2005 ool (U
S0 2.3 2,50 [EIRS UL e
Mvlar Type n.c +0, 59 38 g0 137730 22 P | 200 AT IR I
| 50T 15 dont R ouls 0,010
25 R REEAY] (AT 0.0y
i 200 20T U003 0,010
S R 2030 . O Uiy
Mylar Type | -0.38 +1.31 19 885 |17 810 120 Gy ] 2,40 RIS 0,016 0.0
[EUERY 17 20T 200 TR 0,0y
25 200 2008 U013 Con
I 2onn REERY:S IR IE I 0,02
a0 RN 2035 ooty conky
P- 2300 n.c. L1 o SR 3] 43 63 1 RN 305 oo IR
i5 Lo 3.08 U, 007 0, onT
25 [T 3030 (RIS uonl
35 2o Youy uL i TR
o R RO ot d 0, nt
Tetlon 0022 ] o 2ognt | 2 T iy 58 | IR 2un ool | oo
FEP-500A % VT .83 TR Lol
25 |yl 1,4l Chonun] (R NIRIAN
35 b, o7 f.oon 0, G0 (o tne!
S 112 PolT 0, i (NRREIRIEN
Tedlar +2.15 oo [o vus o 3ol 153 134 | b b2 (EEEY IR
JOOBG3GTR 13 Y V0 000 TRTTIN
20 310 IR [EREEA 1, 0K
35 202 R nouTh I
Hh 2002 2002 ANty Lt
Tedlar n.c. +0. 33 11 o0 [ 11,880 1 Lo 160 I 3001 TR [Rn e, gt
200RG3OWH 15 1o IR 0, Uigh [INIETE
25 olg K22 ", 081 0Long
39 b 5.08 (IR (IR
Nl Yoot 1.2 O, 0ht, (IR

Al raterials

used

as

recerved
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Table

FEEECTS OF THRAMAL -VACUUN ENVIRONMENT ON FLIMS WD SHERTS
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Table 27

EFFECTS OF DECONTAMINATION CQYCLES PLUS THERMAL-VACTUA
PAPOSURE ON FTEAMS AND SHERTS

MECHANTUAL PROPERTIES ELECTRICAL PROPERTIES
S » Dimen- - Elongat von at ) Dielertra Dissipation
MATERTAL s1onal _“P‘wm Pensile, ps Break, e Constant l’m[uu
Change (h‘“u’(“ RN
h Control]l Test Contraol Test Mk Cont o Tewt tCont rol Test
Kapton -0.02 +), 20 24 605 |25, 206 34 12 | R 280 T (S
200XHO6 T 5 200 280 uom 0. 0T
25 2oHn 2,75 ot .00
35 2T RUTAR! 0.t]2 (. o
Bt REER 2035 .03 UL uog
Mylar Type | -9.73 =0, 36 38 680 |32, 500 R 23 i 2.0 220 0.0y 0,013
156T 1 Sob 2w ooy f oo
20 R 2.2 0.0l ool
3 2000 202 [ENRAR I ol
Sl RN RN [N .ot
Mylar Type 1.27 -3 1o 845 [18. 700 120 125 | AR T R TRIR
100A I 2T 2005 0045 ool
25 R 2007 o3 o, 0]l
I R 20 0on] (il
N 201 204 aonls T
P-2300 n.,c, -0 1) G 3y Jit, 300 493 ey l Y §old DL 0,004
15 Lo L 0o0nT 0o hos
20 | it SIRTII [IBRIIRS
5 2ohn Oun (RSN (0}
i Sl .- RS iy, i}
Teflon +0. 10 S0, 03 2 gno JouTy il o | RNIRE EEIITE T TT I R TN
FEP 500A 1o | b KSR TRIHER
25 [ 1.#7 oo Vooi]
5 Va0 [ ot [AERATRTS]
N [ [ tonn ] o]
Tedler +4.51 -0, 08 Lo gy 1o 71 153 |1 | IR S BT T
1 COBG3UTR iP5 [ 3o IR Hone ]
25 LG 3o Uohigh Ty
W0 R 3.0 u,uTh tonTh
i 2002 2oy h, 0n4 BT
Tedlar +2.82 ~0. 1 11 660 [H1. 150 110 1o | 5.001 Lo wLong LTy
15 1ot t.o 16 L, bk (L nH2
25 1o 1. A1 IR
35 1N T 1,0 THIEE
i Yool [ 1, Gud I

All materials used as received
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IX. FOAM MATERIALS (FO)

The scireening data summarized in Table 26 for foam umaterials in-
dicate that two epoxy and two polyurethane materials appear to be good
candidates for further evaluation. However, it is to be noted that the
epoxy materials (Stycasts 1090/11 and 1095/11) are rigid foamed-in-place
materials, and the polyurethanes (Eccofoams S and SH) are pre-foamed
rigid materials. Careful examination of the data in Table 26 also
reveals that the nature of foam materials makes difficult the comparison
of the effect of alternative curing cycles on a micro-scale but, in
general, excessive checerved test values remain excessive after different

treatments; i.e., variation of cure has little effect.

Confirmation of the good outgassing properties of the Stycasts is
given in Table 27 where macro-VCM determinations indicate negligible VCM
and weight-loss values. Mass spectrometric analysis of the substances
evolved at 125°C in vacuo (Table 28) reveals the presence of a piperidine
and/or polyamide material, often used as cross-linking agents for epoxies;
these substances should evaporate without causing deterioration of the

properties of the polymer, but this must be checked by further evaluation.

Macro-VCM data for the Eccofoams (Table 27; show negligible values,
but there may be a continuing increase in weight-loss with time, In
the case of Eccofoam SH, the primary constituent of evolved substances
has becen shownh to be nitrogen (Table 28,; the gradua. increase of weight-
loss, not accompanied by a similar increase in VCM value apparently con-
firms this finding. Further evaluation of Eccofoam SH (Tables 29-31) for
mechanical property changes shows that the material is subject to com-
pression set but does not lose its compressive strength after exposure-«
to decontamination and thermal-vacuum cycles., In comparison, Eccofoui: S
not only suffers compression set but also a loss in ccmpressive strength
after exposure to the decontamination and thermal-vacuum cycles

(Tables 29-31),




The one flexible polyurethane, Eccofoam FS, unfortunately does not
qualify for further evaluation at all (Table 26). Scotchcast XR-5068,
epoxy-coated micro glass cells, has a gross VCM value which has not been
changed by extension of curing time. As shown by mass spectrometric
identification in Table 28 (and coniirmed by the infrared spectrum of
the VCM shtown in Appendix C), the VCM is apparently composed of polyamides
or amines. Most importantly, however, the macro-VCM data in Table 27
indicace that the substances which are released at 125°C do not evaporate

with time from a 25°C condensing surface.
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Table 6

MICRO- VO DETERMINATIONS:

(24 hr at 125°C and

(VEM collectors

at

lo~®

FOAM MATERIALS

torr )

2-]1)( )

\!ATEI\IALl

Y
MFR. ™

TREATUENT

TOT At
1LOS=

wT.

Epoxy

Scotcheast
Scotchcast

Scotchcast

=3 A B
XR-50n8
XR-50608

_’lilip:\ Julph:
‘\.\

As received:

received:

REY}

! hr
l’ }IY‘

1217C
O
hr w

Scotchcast

Scotchceast

XR- 5068
XR-5U0n8 =3

Stycast
Stycast
Stycast

Stveast

Stycast
Stycast
Styveast
Stycast
Stycast

Stycast

5[}(8.\[

10490
1090
1090
10460

Louo
1090
Loup
1060

1003

L0485

1095

¢}
4
4
11

11
I
S-1 2 HA
S-1 2V
il

11
11

2t he 125
L0p 3068 100p=3: t hr

As received:

(
1217C

Loaploan
Loop 1090
100p oY
Fuop 1oy
g2"C

100p Lo
IS
100p 10O
LUGp LoD
Potip 109y
15000

1Gapl uas
l(ullvllw‘,

Gpry;

2t hr 25°C

‘0};»(0;
(JPQW;

l_'p””:

_;»‘*lll
Ipell:

pllV:
}!

)

1
1
9
!

3
3
2

1 2p=tl;
l_jp“‘ll

It hr

In hr

500
3200

12 he p02C +

Lonc
1250

2570

21 hr
24 hr
21 hr

)

loutC

12570

hr

2t onr

3 hr

24V 2the 257CH dohe 22°

pelle 3 hre 937C + 3 hr

(.

[y = L e e

Eccofoam

Fccofoan

Eccofoam

E« cofoan

Polyvurethane

FPH

FPH

FPH

FPH

[2nH

1201

126

12604

loopt it
15000

Topllnth

LoopEPH Topl 2ot

L5000

Hll)pFPH T—)p 126H.

125°C
Looprr !

12570 +

Toplle'h

24 hr 25

24 hr

1500

FS

I~

s recerved
Ax
"\.\
Ax

Fecoiovan

Eecofoarn, recerved: 21 hr [257C

Fecofoan S . 1.5 Ib i't‘{i recet ved
)

Fecotoarm SH (7,21 1b fe i rece: ved

Apt rndax AL
\ppendax B,
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Table 27
DETERMINATIONS:

FOAM MATERTALS

MATERT AL

PROPERTY

HOURS OF
J2A

FAPGSLRE
SeOAaND ul

M
[ORR

14

Foorotoam N

Focotows =

Stveoast

190

1095

Styveast

Scatel east

Il

[

\R- S068

loss 4

Wt

VOML wr-
Wt
VCAL

loss

wt -

Wi-loss.
VML

wi -0

We-loss,
VOM,

wt -

“l- 1:1\\. ‘<'
VM,

wi -

sl

Focofoun =
Foootouan S
Sty ast

Sveast JUYh

Scoteheast

MASS SPECTROMETRIC ANALYSES 1N 111
VOLATILIZED AT 1257C AND 107

s

- As reverved,

1k

e e \'wl; cut

cut o antu

A\ recrved;

Table 28

inty strps of 1 8"
straps of
1090 11 - Mised J00p 090 12peli; cured 2 ohy
- AMuwed 0031005 12pel];
NR- 0l R

cared

TORR:

thick.
thick,

tote,

1y

2ohr oo,

12570

cared

hr

OF
FOAM

VATERTALS
MATERIALS

MATERTAL

TDENTIFTED COMPONENTS

Major

Minut

Fecofoan SN

Scotehicast

Ntaca~t 090

Staeast Lvs

\R-Sti6g

1

L

nitrogen

polyar e

prpet lvilnv- .”ui o]

peelyar 1de

fripetd 1 .m\i ot

[H'\\ vde

Nomethy b worpholine;
[ rbon \“H\i\il‘.
toluene;

=tvrene
diocty l[rl\l b late

carbon dinsrde

carbon dioxade




Taole 20

FFFECTS OF DECONTAMINATION CYCLES ON FOAM MATERIALS
{(Six cveles of humidified ETO-Freon for 30 honos at 50Y(C)

COMPRESSTNVE
. e g 2 STRENGTH,
MATERIALY | DIMENSIONAL WETGH, COMPRESSION NGRS
T : CHANGE, CHANGE, © SET, i B
Control [est
Fecofoam N Dia, n.c. +).01 atv . T20 674
L, -0.06Y
Eccofoam sH Dia, n.c. +(}.78 9t . 8 2 RENY
I., -0.30
i 4

As recerved,
3]
257 compression.

Table 30

EFFECTS OF THERMAL-VACUTM ENVIRONIENT GN FOA MATERTALS

(500 hours at 135°C and l(J—h tare!
COMPRESSTVE
! DIMENSTONAL WEIGHT ('()‘H’Hl‘*\l()'\“ SHRENG
1 NAL 16 . o
MATERTAL CRANGE, ¢ b onasae, SEL, Par
Control Teat
Eccofoam > Dig, -0.1(8 -1.35 oo T2 HHG
I, =0.08
Fecofoan SH Dia, u.c. -l.uy 1)i.n 21 R
i, +0. 20
|

1

)

As receaved,

257 compression,

Table 31

EFFECTS OF DECONTAMINATION (YCLES PLUS THERMAL VACTUN
ENVIRONMENT ON FOAM MATERG ALS

I COMPHRESSTVE
1| DIMENSIONAL WETGHT COMPRES=TonS | e,
i MENASTUN AL 16 : by Y T 5
MATERIAL CHANGE, © | AN, NES Pl
Control fest
feenfoam S Dia, -0.11 -2 00 e s 20 nl7
., -u.%6
Eccofoam SH | Dia, n.c. -0.93 i.9 REQ! RIY
1., +1.00

1

)

As received,

25% cempression.
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X. HARDWARE AND STRUCTURAL Hs,

Except for the nylon-type plastics and one epoxy-glass laminate, all
hardware and slructural materials which have becn exumined appear to be
suitable candidates for further evaluation on the basis of maximum-VCM
content; as shown in Table 32, however, several materials are subsequently

dis~ualified by excessive (>1,.) weight-loss values.

Macro-VCM determinations for a number of these materials {Table 33,
indicate that the acetal and polycarbonate plastics are most acceptable,
and that the polyvinyl carbazole and nylon-types appear to rclease sub-
stances in the thermal-vacuum environment which apparently not only con-
dense but re-polymerize so that VCM values tend to increase with time,
Mass spectrometric identification of released substances, shown in
Table 34, confirms these observations. In another instance, the apparent
increase for VCM and weight loss was unexplained by the mass spectrometric
identification of gross materials; however, the infrared spectrum of the
VCM from Zytel-101 (see Appeundix C, indicates that the VCM is due to
low-molecular-weight fractions of nylon-11, This confirms observations
from earlier work (with nylon-6; that the nylons are not suitable space-
craft materials since they do de-polymerize at relatively low tempera-

tures in vacuum.

As shown in Tables 35 to 37, tests for mechanical and electrical
nroperties of an acetal, Delrin 100ONCLO, indicate that no significant
changes are incurred after exposures to decontamination and thermal-
vacuum environments. Little cihianges are incurred also by Doryl H-17511
(a diphenyl oxide-glass fiber structure, after any exposure except lor
some increase in dielectric constant and a slight reduction in tensile
strength., The phenolic-glass laminate Micarta H-5383.1 incurs less than
10" change in any mechanical or electrical properties, The silicone=-
zlass laminate Micarta 26201-2 suffers a significant loss of tensile
strength after thermal-vacuum exposures and softening atter ETO and

ETO TVE exposures, but electrical properties are unatfected,
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Table 32

MICRO=VCM DETERMINATLIONS:  HARDWARE AND STRUCTTURAL
(21 hr at 12539C and 1079

(VEM collectors at

tore)
25°C)

1 I PR A TR N TOTAL wT,
MATERTAL MER. TREATMENT LOSS, ©

Acetal plasties

Delrin
Delrin
Delrn
Delrin
Delrin
Delran

TUHNCT O
150NCLO
ONCLO
SUONCTO
SUTNCLY
GOONCGL O

recerved
received 0,06
0,07
(r, (4]
0,11

.08

receryed
recerved (boot )
recelved
recelved

(lllul'nf luorvcarbon

Kel=F 81

recelved
Diallylphthalate plastics

Diall
Diall
Diall
Diall
hall

FS- 4
Fs-1o
FS- 10
2= 10-40
H2=d0- 40

150°C
150°C.
1507

Postcured 24 hr 0,02

Postcured 21 hr 0,03
Posteured 24 hre 0,02
As recerved 0, O

Posteured 21 he 1507C 0, 40

Dipheny 1 oxide~glass

lk;n 1
Dorsy |

H-17479 Posteured 21 b

- 17511 As

150
recerved
l‘:pnx‘\

Furane Tope H03

recersed

Epoxy-glass laminate

Micaply EG-T25 -
Micaply (=281

Micarta H-2147
Micarta H-8457
Micarta H-1T600

s recelved . 0,5
s recelved 0, Gty
; recelved [
recerved

recelved

Epovv-plass molding

Eprall
Eprall
Fpiall

19100, As received
Posteured 21 hr

2t hr

0, Un
NI

1914

15070
1507C

TIRIE
Posteured (TR

Pheuolic-glasxs laminate

Micarta H-10831
al-1D- 1581

AN recerved

A~ recerved




o
’ oy
Table 32 (Concluded)
. 1 0y o e A TR AT TOTAL WT, Ve,
MATERIAL MFR. TREATMENT LOSS, ° W~
Phenolic-glass molding
Phenall BOlG ACM Posteured 24 hre 1507C 1,25 0.
Phenall 8060 ACM Postcured 2t hr 150°C .50 0,02
Thenall 8700 ACM Posteured 24 hre 1507°C 1,25 .01
Polvamide plastics
Zyrel-101 (boot) ny As received 2.20 0,02
Iyte 1-31 pDep As received 1,85 0,12
Iatel=42 np As recelved 2057 0,26
Zytel 1OINCLO Dy As recelved 3.8 0.21
Polycarbonate plastics
fexan 100-111 GEC As receved 0, e 0,02
lexan 101-111 aC As received 0. 08 0,01
lexan 101-112 (¢2™ As received i, 04 (.01
lexan 103-112 GEC As recetived 0.17 0,01
lexan 130-111 arC As received 0,17 0,01
lexan 131-111 O As received 0,18 0,01
lexan t3i-112 @&C As received 0,17 TN
bexan 133-117 GEC As recelved 0,20 0.0l
[exan 1.4t-111 GkC As received .17 0,03
fexar (H1-111 FC As received o.17 t, ut
Texan LHI-TI2 (L As received vl 0,02
lexan 243-112 & As received 0, 1o Uil
Polyvethylene plastic
Bec kman =101577 DCC As received 0.n2 0,45
Polvimide plastic
Vespel >P-1 pUpP As received 1.2+ ool
Polyviny lcarbazole
fuvican MITO BC As received 031 0,0
luvican MITO B3O Postcured 21 hr 150°C 0.l 0.9
St licon-base
High K707 th =15) (€N As received 0,7 .08
High K707 (K - 1)) GES As recerved 0,1l 0.0
Silicone-glass lansnate
Micarta 2020].2 WEM As recerved 0. In IRIRY

1

See Appendix AL

See Appendix Bl
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Table 33
MACRO-VOM DETERMENATIONS:  HABDWARE AND STRECTURAL
HOU B> OF EAPOSURE
o NERe IR . 5 PN
MATERTAL® PROPERTY AT 12576 AaND 107 HCRR
24 110} 9 3o
Delrin 150NCLO We-loss, .20 .26 U. 37 0.35
VOM wit - 0.01 .02 U.02 0.01
Delrin 500MC10 (boont )] We-loss ¢ 0.32 0.23 0. 260 0. 38
VOM, wt - 0.03 0.05 0.01 .01
lexan 141-112 We-loss, % -- 0.15 0.15 0.17
VOM, wt - - - .01 u.0l .01
Fuvican MITO We-loss, % | 0.05 0.06 0.09 .04
VOM, wt - 0.01 1 0.01 0.01 .03
Z\l(‘llel_ (hoot Wt-Toss, < 2,30 1.85 1.86 209
- VM, wt -4 .03 0.02 (.02 0.5
* Delrin 1OUNCIO: Ax recerved, cut an smull preces,
Delrain S00NCIY:  As recerved, whole bouot.
Lexan 14i-110: A recerved, whole chip.
Luvican MIT0: Ax recerved, cut an o small preces, |
Ivtel-101: A\ recerved, whule boot,

Table 3 '
VASS SPECTROMETRIC ANALYSES TN STTU OF WATERTALS
VOLATILIZED AT 125°CANE 107" TORR: |
HARDWARE AN STRUCTURAL

IDENTIFTED COMPONENTS

MATERT AL

Major Minor
Delrin 150NCLO water exter of phthabic acad,;
—(’I.(‘\(Yl
Lexan 102112 water: carbon dioxide: phenols;
maxed hexanes propylanane. ~qualene:

h}(ll‘ll( hl(l!'i(‘ at lli
Tavican METO vinvl carbazole

Iatel (ol water diocts Iphthalave
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XI. HONEYCOMB CORE STRUCTURES (HC)

None of the honeycomb core materials listod in Table 38 approaches
candidacy for spacecraft use on the basis of VQM and weight-loss values,

On the other hand, the macro-VCM determinations made for the polyester

HMH indicate (Table 39) that the VCM is re-cvaporating with time,

Unfortunately, it was found that the HMH samples (2" , 2" x 1")

collapsed in the thermal-vacuum environment, that 1s, they lost all sem-
blance of a honeycomb structure, It is emphasized that the core
structures were examined per se; they were not fitted with facings., It is
possible that the integrity of the structure may have been maintained had
it been fastened suitably to a facing material, but, it is also equally
pessible that the thermal-vacuum exposure would causc scvere warping of
the structure even though the edges maintained their spacings by firm

attachment to a facing.

The data for the composite structure listed in Table 33 1. given here
simply because the material tested is part of such a structur.. lor the
small sample submitted, data was requested only for the facing. Thus, no

recommendations can be made for the composite itself,

In view of the importance of honeycomb core structures as structural
members of spacecrafts, it is suggested that sufficient material of
strucutres in the form in which they are to be used be furnished for com-

plete macro-VCM determinations and mechanical-preperty determinations,




Table 38

MICRO-VOM DETERMINATIONS:  HONEYCOMB CORE STRUCTURES
(24 hr at 125°C and 107" torr)
(VEM collectors at 25°0)

e ol e b TOTAL WL ven,
MATERTAL MER. TREATMENT LOSS, W- "
Phenolic
Hip HEX  JAs received 1. 30 0.20
Polyester
HMH HEX JAs received 0.18 0.17
Stlicone
HRS- asbestos HEX  {As received 0.37 0.7
HRS-glass fiber HEX  |As received U oy 0.
Composite
HRP Adlock 831 M- - - As recerved 0.81 UL 01
g6l 6 ply facing only
HRP Adloct 851 M- - As cecelved .60 .01
96l 12 ply facing only

!
2

See Appendix Al

See Appendix B.

Table 39
MACRO- VOM DETERMINATIONS:  HONEYCOMB CORE STRUCTURES

HOURS OF EXPOSURE
. o= U . — b .
MATERI AL® PROPERTY AT 1257C AND 10 TORR
24 18 Yh b
HVH We-loss -- .15 0.12 0,0
VM owt - -- U. 13 L 0.2 h.02

\s recerved; 27 5 20 0 1Y secthon, the sample sections collapsed

during all exposures.
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XII, LUBRICANTS (LU)

As shown by the data in Table 40, the lubricants which are commonly
used as diffusion pump oils and vacuum gasket lubes distill readily at
125°C in vacuum and easily condense at 25°C, However, a silicone vacuum
grease recently marketed by the General Electric Company, G-683, has
passed the screening tests with excellent weight-loss and VCM values,

A cross-check in the macro-VCM apparatus, employing 10O-gram samples, has
confirmed the micro-VCM results as shown in Table 41. G-683 is recommended
for void filling and for sealing and protecting electrical components.

Used between structural members, it provides a '"thermal joint" and im-
proves the rate of heat dissipation of electrical components to their

heat sinks. The use of this compound for lubrication of moving parts

should be investigated.

A solid-film lubricant for moving parts, Elecirofilm 4306, also can
be recommended. The low weight-loss and VCM values shown in Table 40 are
confirmed by the macro-VCM data in Table 41. The primary volatile com-
ponent is simply a solvent (Table 42) which evaporutes largely during
spray application and is further removed in the curing cycle, This
product must be thoroughly mixed prior to usec. The companion Electro-
fiim, 2396, yields even better macro-VCM values, but these do not corre-
late as expected with the micro-VCM data, it may be that the thin film
used for the macro determination was more completely cured than the 1/8"
deep sample prepared for the micro determination. However, the irdenti-
ficaticn of silicones and sulfur dioxide (Table 42) in the substances

released at 125°C in vacuum precludes recommendation of this product.

A fluid lubsicant has been identified as a candidate for spacecraft
use; this is Union Carbide Chemicals' Ucon 50HB5100., It is a water-soluble
polyalkylene glycol with a viscosity of 71,000 centistokes at 0°F and
168 at 210°F, The weight-loss shown by the micro-VCM determinations
(Table 40) is marginal (probably water), but the VCM is well within the
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limit of 0.1%. A 48-hour run on large scmples in the macro-VCM apparatus
indicates & similar weight-loss value and a marginal VCM value (Table 41).
A thousand-hour run with large samples (macro—VCM) is required before

this lubricant can be fully qualified., However, it remains the most
potential candidate compared with the other fluid lubricants which have

been tested,

Table 40€
MICRO-VCM DETERMINATIONS: LUBRITANTS
(24 hr at 125°C and 107° torr)
(VCM collectors at 25°C)

o 1 n ) TTRE : TOTAL WT, VOM,
MATERIAL MFR. TREATMENT LOSS, & WT- %
Fluorocarbon
PR-240-AC DUP | As received 20,02 7.42
Phenolic-MoS,
Electrofilm 43006 EF1 As received; 1-1 2 hr 190°C 0.72 (.20
Flectrofilm 4306 EFIT A= received; 16 hr 190°C 0,07 .09
Polyvalkylene glycol
Ucon 50HB55 LCC As recelved 96,4 2400
Ueenn 50HBLTO [CC | As received 24,5 16,0
U'con 50HBo60 1ce As received 5. 47 1.30
Ucon S0HB5100 1CC | As received 1.69 0.0
Polyphenyl ether
Convalex-10 (0-0b61) (VG | As recelved 1.t 10.0
Silicate-MoS,-resin
Flectrofilm 2396 [ As received: 2 hr 80°C + 2 hr 205°C 0.32 0.20
Flectrofilm 2396 EFI As received; 2 hr 80°C + 16 hr 205°C 0.21 0.1¢
Silicone
De-11 DCC TAs received 240 1.30
IX-T05 PG As received a7.2 81.0
G-n83 GES As received (.62 0.07
Versilube F-50 GES 1 As received 6.96 5.51
Versilube G-300 Gl As recerved 5.70 3.603

Do Appendix A,
)
“ See Appendic Bl
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Table 11

MACRO- VCM DETERMINATIONS:  LUBRICANTS

HOURS OF EXPOSURE
MATERIAL* PHOP[‘H’T\ AT ‘.330(\. AND ll‘rih TORR

21 18 Yo 330
Electrofilm 2396 We-loss, “ 0.05 0.3 -- 0,02
| VOM, we-< <0.01 <, 0] C 0,0 S0, 01
Electrofilm 4306 Wt -loss, & 0.05 0.13 i, 30 0,22
VOM, we-< ~0.01 0.02 0. ul 0,01
G-683 Wt-loss, % 0.51 0.64 .62 0.61
VOM, we-% 0.01 0.02 0. 02 0,03

Ucon 50HB5100 We-loss, @ -- 1.350 -- -

VOM, we-¥ - - 0.13 -- -

*
Electrofilms were prepared as thin films:

Electrofilm 2396, cured 2 hr 80°C + 2 hr 205°C.
Electrofilm 1306, cured }-1 2 hr 190”C.

G-683, used cs recelved.

Ucon 50HB5100, used as received.

Table 1t

MASS SPECTROMETRIC ANALYSIS IN SITU OF MATERIALS
VOLATILIZED AT 125°C AND 107°% TORR. LUBRICANTS

[DENTIFIED COMPONENTS
MATERIAL —
Major Minor \
Electrofilm 2396 mixed silicones sul fur dioxide
Llectrofilu 1306 Freon solvent

e -
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XIII. MARKING MATERIALS (MM)

Because many components, sub-assumblies, etc. for spacecrafts are
marked for identification and location, the amount of VCM which might
occur from various marking materials {inks) is of interest., Thus, a
sel, of determinations was made for the kinds of materials most likely
to be used. In order to simulate actual use, that is, as a thin film
of print, stamp-pad and marking inks were applied to smrall stainless
steel screens by dipping the screens into the inks, draining, and dry-
in;; for at least one hour. Felt-pen inks were applied tc 1/2 x 12"
alminum foil strips by brushing with the felt tips; the strips were
dr.ed for one hour and rolled to fit into the sample compartnents of
the micro-VCM apparatus. Type-ribbon inks were applied also to

aluminum foil strips by pressing the ink onto the strips with a blunt

instrument.,

As shown in Table 43, a gross weight loss is incurred by all of the
materials, which is to be expected since the pigments are dispersed
in a solvent mixture. The VCM values are also quite large, and probably
due to viscosity-control agents such as glycols and binding agents such

as resins.

However, the weight of ink actually used in a spacecraft assembly
is not apt to be very great; it was determined that the weight of printed
matter per area is about 0.13 mg/in2 or 18.7 mg/sz. Thus, a little
more than five square feet would have to be covered with stamped numerals
or letters to provide 1 gram of ink weight. The determination was made
by covering weighed 2" X 5" pieces of aluminum foil with numbers and
letters applied by using stamp pads and a date stamp, by hand-lettering
with the fine tip of the felt pens, and by typing with the ribbons. The

printed matter was allowed to dry for one hour before reweighing,
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Table 43
MICRO-VCM DETERMINATIONS:  MARKING MATERTALS

(2% hours at 1257C and "1 ° torr)
(VCM collectors at 25°C)

MATERIAL uER. ! TREATMEN oL ' s N
Stamp-Pad Tnks
Sanford 580 (black) SAN Chared 1 hr 25°C 88.1 0.2
Carter's 1l (red) CAR Cured 1 hr 25°C B88.6 0.3
Marking Inks
713X (black) IND Cured 1 hr 25°C 62.2 0.9

73X twhite) IND Cured 1 hr 25°C 12,4 1.2

Felt Marking Pens

Rembrandts’ (black) REM Cured 1 hr 25°C 28.5 5.4
Rembrandts’ (red) REM (ured 1 hr 25°C 33.2 3.4
Type Ribbon Inks
M lon ribbon 1BM Cured 1 hr 25°C 540 20,0 4
Cotton ribbon PkA Cured 1 hr 25°C 18.6 in.0 J
{

! See Appendix B.

106




e

XIV. PROTECTIVZ COATINGS (PC)

Of the twenty-eight protective coating materials listed in Table 44,
only three can qualify within the limits of less ‘han 1% weight loss
and less than 0.1% VCM; these are Eccococat PCA/16 (postcured) and
JPL-1001 and -1002., JIdentification of the substances given off by
JPL-1002 (Table 45) indicates that only excess solvents aud reagent are
evolvad and are of a kind that can be removed in the vacuum of space
with no effect on mechanical properties (especially in view of the small
weight-loss values). The only difterence between JPL-100" and -1002 is
the addition of s trace of fluorescent dye to JPL-1001,

Marginal candidates such a. Doryl B109-4 (or B109-5) may qualify

by more extended curing, but the high temperature of cure is forbidding,
the first attempts to cure these materials at a lower temperature for a
longer time, 24 hours at 150°C, resulted in weight—losses and VCM values
of about 3% and 1%, respectively. On the other hand, a marginal rating
for the polyurethane laminar X-500 (clear) 1s given because of an ex-
cessive weight-loss value since the VCM value is within limi‘s. It is
possible that alternative curing cycles, particularly extension of time

or vacuum-curing, will remove the apparently excessive solvent component.,

Changes in mechanical properties of two other protective coatings
during decontamination and thermal-vacuum cycles are summal ized in
Tables 46 to 48 and show that the adhesion shear of Eccocoat EP-3 is
affected by the decontamination cycles, but remains well above that o.
the control; shrinkage va’ues may have to be considered, however, for
end use. The Eccogel 1265 is less subject to change, but the excessive
weight-loss and VCM values (Table 44) must be considered. The electrical
properties of either material are affected .:ss than 10% during any

exposure.
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Table 14

MICRO-VCM DETERMINATIONS:  PROTECTIVE COATINGS
(24 hr at 125°C and 1077 torr)
(VM collectors at 237

1 T b AT ENT TOTAL WT. VOM,
MATERIAL MER. TREATMEN] Loss, & | wi-s
Alkyd
B221-2 L1 As received, 3 hr 95"C + 1 hr 1507C 8.99 T 8b
Glyptal 1201 Gkl As received; | hr 125°C 6.10 2.55
Glyptal 1201 GEL As received, 24 hr 150°C 3.70 1.60
Glyptal 1202 GE1 As received; | hr 125°C 5,57 2.4
Glyptal 1202 GEL As received; 21 hr 156°C 5.20 2.78
Diphenyl oxide
Doryl B109-1 WEl As reeived; 2 hr 250°C 0.30 0.15
Doryl B109-5 WEI As received; 2 br 250°C .8 0.11
Fpoxy
B-276 WEl As received, 3 hr 93°C + | hr 1507C 3.52 1.15
Cat-a-Lac Clear 173-1 FPC As received. 24 hr 25°C 25,48 3.30
Cat-a-l.ac Clear 173-1 FPC. As received: 21 hr i30°C 1.09 (.82
Fccocoat C-20 A B EMC [0opA obpB. 2 he 93°C + 2 hr 1737C U.91 0. 35
Fecocoat FC-200 A B EMC 100pA 10pB, 8 hr [217C 1.74 0,18
Eccocoat PCA 16 ENC 100pA 2plt. 8 br 1217 (.85 (U
Eccocoat PCA 1o EMC [bopA 2plo. 1 he 23°C « 2 hr 493"C. 0,18 0,02
+ 24 hr 150°C
Feeocoat VE A B FMC joupA ]H(lp“, 3 hr 131 R R 0, w2
Eccocoat VE A B EMC LUOpA 100pb, o hr 1257C + 24 hr [507C .51 .52
Fccocoat 210 A B ENC LoopA 35pB. 21 hr 237C + 1 hr 757C 2,86 U 36
Fccocoat 210 A B EMC LO0pA 35pi3. 24 he 2570 + 1 hr 5 n.78 0. 36
+ 2t hr 1507C
Eccogel 1265 A B EMC LOUpA 100pB, 1o hr 65°C 3ol 3.75
Fecogel 1205 A B EMC 10OpA T00pB, 16 hr 65°C + 24 hr 1507 1.6 0.87
Pr-tol H-11 rrl LOORA0T bpti-11. 20 min 43" 13.24 0.5
Pr-1o1 H-11 Prl T00p301 bpt-11. 16 hr 65°C 14.20 0.10
Stycast 1217 9 FMC Pop1217 13pY. 1o hr 52°C 1.7 0,14
Stveast 1217 9 EM TGUpL21ET §3ps. 16 hr 32°C+ 24 hr 076 V.57 v, 12
Polvester-phenolic
Fecocoat PHT AL \x recerved 2 hr 1507 5.22 1,02
Feeoe at T FAK A= recetved. b hre o 1an 1.55 0,81
[ 4
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Table 11 (Concluded)
MATERI AL MFR. TREATMENT i . ML
Polyimide
PYRE-M. 1, Bh-692 UIE | As received. ¢ he 9570 +« | hr 1507 R IR
+ 1 Lr 203"
PYRE-M L. Bh-692 Iy As seceived. 21 ar 15070 300 TIRTS
Eccocoat FP-3 A B FMC | t00pA 50pBs 18 hr 2570 3T 0,28
Feccocoat EP-3 A B EMC | 100pA 3upB. 48 hre 25°C + In hr 507C 305 0.1y
Eccocaat [C2 A B EMC 100pA 50pB: | hr 237C + 2 hr 93°C fhoua 1.1
+ 24 hr 150°C
JPL-1001 ANC L As received: t hr T30 TR T KL
JPL-1002 AAC § As received. 1 hr 757°C 0,10 TN
lLaminar N-500 (-8 WCC | T00pIC-8 To0ploC- 15 72 hre 23" 2000 oo
clear) 10C-45
laminar X-300 (1C-8 MCC | ioup -8 TuopinC- 15, T2 hr 25 Lo n.oty
clear) 10C-15 + 21 hr 123°C
Silicone
A-281-1.-018 (gray) BIW As received. coating stripped froe wire .oy 0,y
A-2811-L-618 (gray. BIW \s recerved. coating stripped froc wire noTa Ty
21 hr 1507C
A-2841-L-018 (yellow) BIW | As received, coating stripped frov o wire . T
A-281-1-618 (vellow® BIW As received. coating stripped from wire t.od o1
21 hr 150
SR-17 GES | As received. 21 hr 150" P22 Loy
SR-98 GES | As received. 21 hr 150" R 1.4l
SR-220 GES P As received, 5 hr 1507 LTh 270
SR-20 GES | As received: 2t hr 1507°C 5.2 2Hr
sK- 290 GES 1pSR-93 1pSi-2200 1 hre 12570 147 1.1

u

See Appendix A,

© See Appendix B.
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Table 45
MASS SPECTROMETRIC ANALYSLS IN SETU OF MATEREALS
VOLATILIZED AT 123°C ANB 10 ° TORR:
- PROTECTIVE COATING

IDENTIFIED COMPONENTS

MATEREAL

Major Minor
JPL.- 1002 aromat1c solvent toluene diisocvanate;
: celinsolve acetate
Table tb
CFFECTS OF DECONTAMINATION CYCLES ON PROTECTIVE COATINGS

{Six cveles of Humidified ETO-Freonw for 30 dr at S50°C)

l MECHANT O AL PROPERTIES FELECTRICAL PROPERTIES
. Adhesion . Dielectroe Dissipation
MATERIAL Dimensional Werght Shear, psi l_”.‘ Constant Factor
Change, < Change, quoenet.
Miiz
Control | Test Controul | Test [Control Test
Fecocoat FP-3 A BjMa., n.oc. +1.87 251 154 | I S.84 1 0,008 0.0t
L, n.c. 15 304 .nn | 0 006 UGS
25 4.0 3.59 . 004 0.012
35 5. 50 3.953 u.uu8 0.020
50 3,20 .50 ] 0007 | 0.009
Eceogel 1205 A B | Dia., +0.25 . Go 14y RO 1 1.85 1.93 1 0.055 [ U.00}
[, n.c 15 Lolo Li5 | v.032 0.043
25 401 .02 0.0138 0.0
40 3 02 .9 noost | 6ouds
\ M 5.81 3. 86 0.0 0.0
|
* sew footnote, Tabile 38,
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Table 47

EFFECTS OF THERMAL-VACUTM ENVIBONMENT ON PROTECTIVE CONTINGS
(500 Hr at 135°C aud 107" Torr)

for 1» huurs at

"5,

111

MECHANTCAL PROPERTIES ELECTRIC AL PROPERTLES
MATERIAL® Adhesion heleotrie Dy ssapation
- Shear, pst Fre- Const ast Factor
Dinmensional Werpght :
Change, % Change, 7 qu;i;‘I‘\'
Control Tewt ‘ Control [eat Contrel le st
Eccocoat EP-3 A B Dia., -1.15 -1.52 251 309 | 3040 s b ooooug | ooood
I, -1.01 15 3o Lt oone L uobon
25 5.25 IR 0, 00y 0,009
[5) 3.4 330 0.0u8 0,018
50 3,20 3,030 1 v.ouT 1. 005
Fecogel 1265 A'B Dia., —0.30 -1.06 190 382 | L85 .73 0,057 0.051
Loono« 15 Lolo .40 0,042 0. 010
25 L0 3.0 0.038 0,055
35 3,02 ionl 0,031 0. 010
S0 Ao 3,70 0.0l . 028
2
* Nee footnote, Table 48.
Table 18
EFFECTS OF DECONTAMINATION CYCLES PLUS THERMAL VACEUAL ENVTRONEN
ON PROTECTIVE CONTINGS
MECHANICAL PROPERTIES EUECTRECAL PROPVRETES
MATERIAL® ‘}\d_i,“,_}lun ) [)(; el m‘ t :,:< AN }q;r‘ut 1on
Dimensional Werght Shear, pot _r"" cnata actor
Change, < Change, ‘1”;‘;;‘ A\ -
Control | Test ‘ Conrrol | Test JControl Te st
Eccocoat EP-3 A B| Dia., -1.77 -4, 149 251 (51 ] 515 s 57 ) uonug | oabe
L., -1.68 ) 3o RS INTIRTOTI SN
2 5025 5ol RTINS
15 530 3031 0. 008 . 04
S P20 IR T L ounl
Eccogel 1205 A B Dia., -0.36 R 190 0t 1 185 bonn .05 0. 017
I, n.c. 15 (S o2 ] oot To okl
25 ool §.01 . 034 [IIRTRR!
i (LN 5074 noosh Lo n30
1l 581 [T TN 02T
* Samples for all exposures were prepared ax follows
Ercorvat EP-3 U B. - Mixed JU0 parts A with 50 parts By vured afrer apg Looataor 0 st rragp s
for 48 hours at 1:°C.
Eceogel 1205 A B, - Mixed 190 parts A wath 100 parts B, cured after appiioarion o [T
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XV. SEALANT: (SE)

On the basis of the micro-VCM data given in Table 49, there are
nine rigid epoxy cncapsulants which qualify as spucecraft candidates;
five of these can be cured satisfactorily at temperatures less than
85°C, but mechanical property data must be obtained before these products
can be fully recommended. For the rigid encapsulants particularly,
data should be acquired on the level of internal stresses set up within
them since delicate electronic components may be damaged when a potted

module is exposed to the thermal-vacuum environment.

Of twenty-five flexible silicone encapsulants whichk have been
examined, only one has passed the screening tests-—and that with superior
performance. The encapsulant is an experimental siliccne resin, E691-22E,
prepared by the Dow-Corning Company; it is a specially-processed version
of Sylgard-184, The only information provided on this sample 1s that the

low-molecular-weight silicone fraction was ''cleaned-out’ prior to delivery.

Another flexible encapsulant, polyurethane Stycast CPC-41, meets
candidacy requirements after a postcure of 24 hours at 150°C., However,
the small difference in values from the material cured 48 hours at 65°C
impl ies that a longer cure at 65°C not only may provide the same results

but may even reduce the weight-loss and VCM values even further.

Data for mechanical and electrical properties after decontamination
(ETO) and thermal-vacuum treatments (TVE) are given for several RTV sili-
cones in Tables 50 to 52, None of these products exhibits any significant
changes in electrical properties after any of the cycles. RTV-40 and
RTV-511 are subject to shrinkage and compression set after all exposures;
little change in hardness or compressive strength is noted. RTV-615
incurs the least compression set, an increase in compressive strength after

TVE and ETO/TVE exposures, and little change in hardness.
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The most noticeable changes in mechanical properties following ETO
treatment are incurred by RTV-602., It shows a pronouaced loss of hard-
ness after ETO/TVE treatment; compressive strength is lost after ETO and
TVE treatment and can not be measured after ETO/TVE exposures. The mate-
rial is subject to gross compression set, particularly after the combined

ETO/TVE exposures.

It was observed that RTV-602 samples which had been exposed to the
ETO cycles apparently released gases during the subsequent exposures to
the thermal-vacuum environment (see Figure 17), as indicated by "holes"
or 'gas pockets" in the samples. Thus, these samples were examined by
infrared spectrophotometry and mass spectroscopy in an effort to detect

any differences in structure or volatilized material.

The infrared spectra for the control sample and the three exposed
samples revealed no differences in characteristic features nor any ad-

ditional features.

Pieces of the samples were cut away from the surface (about 1/4"
x 1/4" x 1/2") for mass spectrometric examination. They were placed
in a sample holder which was fastened directly to the 3-liter reservoir
of a standard inlet system. The sample hclder was evacuated at room
temperature and immediately brought to 125°C; the vapors were collected
in the 3-1liter reservoir until sufficient sample pressure was available
for scanning.
It is interesting to note that even after 500 hours
of exposure to an environment of 135°C and 10-6 torr,
the TVE sample was still releasing sufficient sub-
stances (VCM) at 125°C in vacuo for mass spectro-
metric study. Since the original sample was about
1" thick and 2" in diameter, it appears that thermal-
vacuum clean-up cannot be recommended for thick
materials,
Previous examination of silicone polymers (SE-555 white, red, and
grav, and RTV-60) has revealed the presence of low-molecular-weight
silicones in the vapors released at 125°C in vacuum, These silicones

were found in the vapors released by RIV-602, However, an addicional

component, trimethyl silanol, was also identified in the control sample
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and the samples which had been expcsed to the ETO, TVE, and ETO/TVE
cycles; it is used generally as a cross-linker for silicone resins.

At this time, it is not certain whether the initial presence of this
material contributes to the loss in properties after the various expo-
sures, or whether cross-linkages have been broken or hydrolyzed during
the various exposures. No ethylene oxide, Ffeon, or ethylene glycol
was present in the samples used for the analyses. An extensive study
of the samples to ascertain the reaction which might have taken place
to cause the reduction of mechanical properties and the formation of

the gas pockets was not undertaken. (The specimens photographed in

Figure 17 were used for compressive strength tests; duplicate, thiiner

specimens used for compression set after ETO/TVE did not show the inter-

nal holes, but the surfaces were covered with features suggesting the

breaking of gas bubbles.)
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Table 19
MICRO-VCN DETERMINATIONS:  SEALANTS
(24 hr at 125°C and L0709 vorr)
(VCy Collectors at 257C)
VATERIAL! MFR. THEATMENT TR N M
Epoxy
BR-0l7 A B ACB ,_‘()l)pf\/'l.')pH; 148 hr 25°C Sl.02 u.ol
BR-n1" A B ACB LOpA 25pB; 48 hr 25°C + 1o hr 5200 30.82 0,89
Corfi. vl - ACB liopols 14.5pZ: 1o hr e+ 2.0 0,07
1 hr 150°C
Eporast 168 995 Py 90plo8 10p995; 1o hr 50°C + 1.53 0. 00
1 hr 130°C
Epoxslite 295-1 A B EPC Mfrs’ sample. as received 1.27 0.17
(bacch 2469) (1:1: 8 hr 113°C)
Epoxylite 295-1 A'B EPC Contractor’s sample, as received L.o7 0,04
(batch 1024-1) (1:1; 24 hr '85°C + 4 hr 1130
Epoxylite 295-1 A B EPC Contractor’s sample, as received 1.00 0.35
{batch 1024-2) (1:1; 24 hr 85°C + 4 hr 115°C)
tysol 5150 3690 HYS 100p3150 100p3e90; 24 hr 25°C 1.82 0.1°
Hysol CT 1248 HYS L00pCT 100p4248; 2 hre 25°C + 0.0b 0,23
lo hr 175°C
Maraset 635 353 MRC 10up6 33 20p333: lo hr 82°C 0,54 0,00
Maraset b33 353 VRC 10Lph 35 20p553: 1o hr 8270 + 0,32 ST
2t hr 150°C
Maraset 633 335 MBC L0Up635 Tpd35: 1o hr 82°C (R 0, 0o
Maraset 635535 MVRC LOOpn35 Tp555: Lo br 820C + 0,25 0.t
21 he 1309C
Scotchcast 235 A B WME S0pA 10pB: o hre 93°C .20 0.3l
(brown)
Scotchcast 235 A B MME S0pA 1O0pB: 1o hr 937C 2.78 w02
(brown)
Scotcheast 241 A B WE 50pA 100pB: o hr 93°C 2,07 (I
scotchcast 241 A B WWE SUpA LoopB; 3 hr 121°C 1.493 .05
Scotcheast 200 MME As received: 30 min 1507 a2 0,03
Scotclcase 281 A B \ME 100pA 150pB: 20 hr 75°C 0. % 005
Stycast 1210 A B EMC 1o0pA 50pB: 24 hr 150°C l.o7 0,05
Stycast 1263 31 EMC lotp 1263 3p3l: 1t he 070 + 0,12 .01
24 hre 150°C
stvcast 1204 A B EMC 100pA 15pB: 18 hr 25°C 2.80 n.l
Stveast 1200 AB EVC 1oopA 53pp: ve ke 757G b b 10000 + 2,02 1.10
t he 120°C
Niycast 1200 A R EMC JaopA 100pB: 1o he 10070« 21 he 150°C 0,18 0,035
Stycast 2741015 EMC Loup2T 4L 150015, 8 hr 25°C 10,63 2,00
Stycast 273115 L Tobp2T 1 150pl5: 8 he 257C + 1.n5 v 10
2t he 5070
Stycast 2850 FT 9 EMC J 2050 3.5 In kr 237C 0,31 ot
Sty cast 2862 A B EMC LutpA 1oopl: 1o hr I 0,32 04
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Table 49 (Continued)
VATER AL VFR . TREATMENT oy M Nt

Stvcast 2802 A B EMC 100pA 100pB; 1 hr 120°C + ¢, 00 TS
21 hr LO0°C

Stycast 3050 11 EMC 10Up3030 9.3pll: 1o he T7°C 0,68 UL 06

Stycast 40 T EMC 100p 0 2p70 1o he 25%C + 2 hr 85°C 220 0,35
+ 24 hr 150°C

Polyethylene

-2 10 EMC Lo0pTAL2 1plo: 12 hr 50°C + 6,41 012
4 hr 80°C

TPM-3 10 EMC 100pTPM=3 1plo: 12 hr 50°C + 3.33 0,40
t hr 80°C

TPM-0 A B EMC 1u0pA 4pB; lo hr 1057C + 4 hr 145%C 2,29 0,47
+ 4 hr 175°C

Polyurethane

Ecco CPh Ro FMC LopCPe 17¢gRe: 3 hr L057C 5,08 RALR

PR-1527 A B 'RC 2epA 100pB; o hr 82°C 1.0 0.1t

PR-1327 A B PRC 33pA ToupB; T das 25°C 1.1t 0,23

PR-1538 A B PRC 32pA LUUpB: n hr 82°C 207 Woan

PR« 1538 A B PRC 33pA 100pB: 3 hr 257C + 3 hr 82"C 115 [

Stycast (PC-210 A B ENC 1oupA n0pB; b hr 9370 17,33 L1y

Stycast (PC-21 A B EMC LO0pA eUpB: o hr 937C + 21 he Lo .02 bous

Stycast CPC-22 A B EMC LoepA n0pB: 40 hr 570 29,86 ). b8

Stycast CPC-22 A B EMC L0OpA 6upB: 30 he o370+ 21 he 15070 28.25 12

Stycast (PC-11 A B EMC PoopA 120pR; 18 he 037 0.on 0.1

Stycast CPC-11 A B EMC 1oupA 120pB: 18 he o37C 4 21 he 15070 0.o8 oo

_ Silicone

Ex, ul-22E (exptl resin, nec Mir's sample: used as received 0.1 Lot

specially-processed

~ lgard-181)

RTv-11 GES Mfr' s sample: posteared 21 hr '1hovC u.09l 0.35

RTV-30 T-12 GES 1Wep3n o, 1pT-120 24 hr 257C + 0.7 0,34
24 hr 135°C

RTV-10 T- 12 &S 1oopto v, WpT-12: 2% hr 25°C 1,10 0,43

RTV-40 T-12 GES foopde 0. 1pT-120 24 hre 2570+ 1.o7 h.ob
2¢ hr 1507C

RIV-4) T-12 @s loupto o, lpT-12. 7 das 25°C Lot 0,33

RIv-41 =12 GES Hotp it o, 0pT=720 8 he 2570 + 2,00 0L
bohre 50°C

Riv-al 1-12 (S [oopsl O 1pT-120 8 hr 2570 + oo et
24 he 1H07C

R1vV-1l T-12 (€ ) Tog bl 0 1pT=10:0 8 he 2770+ v, 17 TN
21 he 2507°C

RTVen ) (S Mfr's saaple: postoured 24 br 1500 .nY 0.5

RTV-77 T-12 GFS [0opT7T 0 1pT-120 8 hr 2570 + 1.ou [IRIN
24 he 150°C
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Table 19 (Concluded)
MATEH (AL’ WFR. TREATMENT T e | are
RIV-88 T-1_ GES 100p88 0. 1pT-12: 24 hr 23°C + 0.6b 0.30
i hr '135°C
RTV-90 Qs Mfr's sample; postcured 24 hr 150°C 0.62 0.49
RTV-102 (white) GES As received: 24 hr 23°C 5.8 1.3
RTV-102 (white) GES As received; 21 hr 23°C + 24 hr 1253°C 2,497 1.55
RTV-103 (black) GES As received: 2} hr 25°C 5.35 1.72
RTV-103 (black) GEs As received; 24 hr 25°C + 2t hr 1507C 2,92 l.o)
RIV-108 (clear) GES As received; 2} hr 25°C 3.32 1.600
RIV-1u8 (clear) &> As received; 24 b 25°C + 24 hr 15070 3.1 1.0l
RTV- 5600 Es \fr's sample; postcured 24 hr 150°C 1.03 0.08
RTV-580 T-12 GES 1oop580 0. 1pT-12; 24 hr 25°C + .81 0.81
24 hr '130°C
RTV-5,02 "SRC-03 GES 100po02 '0.25pSAC-03; 24 hr 25°C 3. 10 s
RTV-602 SRC-05 GES 100p602 0.25pdRC-05; 24 hr 25°C + 2,07 1.04
24 hr '150°C
RTV-615 GES Mfr’'s sample; postcured 24 hr 156°C 1.0l 077
RTV-030 A B GES 100pA 10pB: 48 hr 23°C + 21 hr 150%C 1.30 0.81
RTV-n32 A'B GES 1O0pA 10pB: 18 hr 23°C + 24 hr 170°C 1.25 0.7
RTV-655 GES \lfr's sample: postcured 24 hr 150°C 2.72 1.27
Silastic-501 T-12 DCC Loog-501 4pT-12; 7 das 25370 5.32 ionl
Silastic-50l T-12 DAL lopsol 4pT-12; 7 das 25°C + B2 3.0]
24 hr 125°C
Stlastic=732 (clear) e As received: 21 hr 23°C 2.4 0.7)
Silastic-732 tclear) Dee As received: 21 hr 253°C + 2t he [507°C 1.59 0, 80
Silastic-732 (black) DCC As received: 2t hr 25°C 2,50 n.81
Silastic-732 (biack) XL As received: 21 hr 23°C + 2} hr 150°C .76 .85
Silastic-732 (white) ) ¢ As received; 21 hr 253°C RIS 0, Yn
Silastic=732 (white) DCC As received: 21 hr 23'C + 24 hr 150°C 1.73 0,923
Stlastic-881 Cat Dee Lugp8RL doplat; 21 hr 257C 2,05 0oy
Silastic-881 Cat DL 100p881 f.oplat. 24 hr I5°C + 143 .80
24 hr 125°C
Silastic-881 Cat D(C 100pesl LoopCat 0.32pT-120 24 hr 237C 3.15 b7
Silastic-881 C.t D juepssi 1.opCat 0.22pT-12- 24 hr 25"°C l.ob 0.88
+ 24 hr 1253°C
Silastic-31lo T-12 DCC Loop3lle $,0pT-12: 7 das 25°%C 1.81 0.6l
Silastic-311o T-12 DO Loup3tle 4. 0pT-12: 7 das 23°C + 1.05 0.63
21 hr 125°C
Silastic=311n T-12 DXL L0p31de $.24pT-10; 7 das 230 | 0,
Sy lgard-184 Cat DCC Gupigt Toplat, + hr 053°C 1.77 0. gy
S lgard- 181 Cat DCC Voplgt 1onCat. + hr n3"C o+ 0,94 non
24 he [H0°C

! See \ppendix A,
N

T see \ppendax B,
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XV1. SEALS AND GASKETS (SG)

According to the micro-VCM data given in Table 53, the most suituble
seal anu gaskei materials for spacecrafts might be any of the fluoro-
carbons, a number of the silicones (with appropriate postcures), and the
flurosilicones. The macro-VCM data in Table 54 and the mass spectrometric
analyses in Table 55 offer additional confirmation. For example, macro-
VCM data for Viton A4411A-990 indicate that this material is superior to
Hycar=1 or an SE-3604 which was inadequately postcured (according to
preliminary instructions), Mass spectrometric data show that some
silicones are prone to release low-molecular-weight silicores which do

not re-evaporate from cooler surfaces, and a typical rubber for terres-

tvial use, Hycar-1, releases excessive plasticizing oils in tke thermal-
vacuum environment; this could lead to drastic changes in mechanical

properties, ‘

The effect of loss of plasticizing oil on mechanical properties
after exposure to the thermal-vacuum environment arc shown by the data
for Hycar elastomers in Table - 56 to 58. Although the properties of the <
elastomers are only slizhtly influenced by the decontamination cycles,
subsequent thermal-vacuuvm ¢xposure or TVE causes unacceptable increases
in hardness and reductions of elongation. Similar changes in properties

were noted for Hycar-l after a 9-month storage test (Section XXIII).

The butyl elastomers are not much affected by the decontamination
cycles, but unacceptable changes are noted in either tensile strength
or elongation, particularly the latter, after exposure to the thermal-

vacuum environment,

The ethylene-propylene elastomer remains relatively unchanged after
any of the exposures; however, micro-VCM data indicate disqualification
of the material tested in the as-received state. A postcure results in

improved micro-VCM values (but still excessive) and causes drastic
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reduction in mechanical properties as shown in Tables 56 to 58. This
behavior indicates that although a postcure may be used to improve out-
gassing properties, the thermal-vacuum properties may sufier. It is
predicted that the ethylene-propylene elastomer in the as-received state
would gradually lose mechanical properties upon prolonged exposure to

the thermal-vacuum environment (pecause of excessive loss of material,,

The fluorocarbon elastomer, Viton A4411A-990, shows good retention
of mechanical properties after all exposures. This is confirmed by the
good results obtained for the elastomer after 9 months of storage in

the thermal-vacuum environment (Section XXIII).

Micro-VCM data for the silicone elastomers indicate that some of
these may be the best materials available for s~als and gaskets while
others are mediocre. All the silicones tend to harden in the thermal-
vacuum environment, but other mechanical property changes are of the
order of less than 25%. The SE-3604 was found to have acceptable
properties after 9 months of storage in the thermal-vacuum environment
(Section XXIII); long-term storage tests at constant strain are in

progress on SE-4511,
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Talle 53
MICRO-VCYM DETERMINATIONS:  SEALS AND GASKETS
(24 hr at 125° and 07" terr)

(NVCM collectors at 2590C)

N 1 o o e TOTAL WT. | vew,
ATERT AL MFR. TREANTMENT LOSS, = WT-
Aceylic
Hvcar 520-67-108-1 BFG As received 1.90 0.17
Hycar 520-67-' 5-2 BFG As received 1.22 0.13
Hycar 520-67-108-3 BFG As received 1.: 0.08
Hycar 520-67-108-4 BFG As received 1.70 0.04
Hycar 520-67-108-5 BFG As received 0.95 0.03
Hvcar 520-67-108-0 BFG As received 1.03 0.03
Butyl
EX-1090 ENJ Pastceured 4 hr 150°C .84 vo2d
EX-1091 ENJ Posteured 4 hr 159°C 0.70 EINY]
EX-1092 ENI Postcured 4 hr 150°C 0.86 W
FR-60-2b e As recaived L. 00 (Y]
SR-613-75 SIS As recelved RO LY 034
SR-631-70 SIS As received 10 0.18
805-7 PRP As received 1. 30 0. 18
Ethvlene-Propviene
E515-8 pPsC As received 1.95 .69
SR-722-70 SIs As recelved 2.00 V.85
SR-722-70 sIs Postcured 24 hr 150°C ().98 0.60
Fluurosilicone
1030-70 PRP As received 0.5 0.03
[.-1149-6 PsC As received .53 0.07
Neoprene
C526-.7 pPsC As received 3.01 1.72
Silicone
Hadbar 28-80 FPH As received 0.86 0.21
Hadbar 4000-80 PPH As received 0.54 .14
SE-535 (white) GES As received 0.535 0.33
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Table 53

(Concluded)

MATERI AL?

a
MFR. -

TREATMENT

TOTAL WwT.
LOSS, %

SE-3604 (24.480)
SE- 3004

SE-3604

SE-3604

SE-3704

SE-3704

SE-3804

SE- 3804

SE-3013

SE-3613 (24 180)
SE-3713

SE-3713 (24 480)
~E-3813

SE-3813 24 480)
SE-4511 (24 480)
SE-4503 (24 480)
SE-5604-7
Silastic S-971°

Si‘astic 5-9711

GES
GES
GES
GES
SIS
SIS
SES
SIS
SIS
SIS
STS
GES
GES
GFS
GE3
GES
GES
GES
PsC
pCC
DCC

As recetved
As received
Postcured 2* Ywr 250°C
As received

As received

Postcured 3 hr/20C°C
Postcured 24 hr 250°C
As received

Postcured 3 hr,200°C
As received
Pestcured 3 hr 200°C
As received

As received

As received

As recelved

As ceceived

As vecelved

As received

As received

As rece. ved

As recelved

Postcured 23 hi

0.

53

0.76
0.10

.51

71

.40
.03
.37
12
.70
.81
.05
.09

0.82

.20

)

3=

Ce

"

A7
.37

Riad

Vinylidene fluoride-
hexafluoropropylene

Viton A4411A-776
Viton A4411A-776
Viton A4411A-777
Viton A4411A-777
Viton A43411A-778
Viton A4311A-778
Viton A4+11A-990
V3TT-Y

As received

Postcured 24 hr 200°C

As received

Postcured 24 hr 200°C

As received

Postcured 24 hr 200°C

As received

As received

LI Appendix A,
)
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Table 5t
MACRO-VOM DETERMINATIONS:  SEALS AND GASKETS
HOURS OF EXPOSURE
. 4z00 . ~H
MAT SR AL* PROP ERTY AT 2257C AND 10 FORR

24 18 Ub 336

| Hycar 520-67-108-1 | Wt-loss, % | 1.19 (.29 | 1.24 | 1.18
| VOM, wt-% 9.10 L 0,05 J .12 j0.15

SE-3604 (SIS) Wt-loss, % [0.28 [0.24 ] 0.50 {o0.57
VOM, wt-% 0.12 {o.1+ Y o.18 [0.29 -
Viton A4411A-990 We-loss, % [ 0.4 Ju.d6 1 0.53 | 0.6l

VOM, wt-% 0.02  0.02 1 0.01 0.0l

"
Hycar-1, as received; 5" x 1" x 0.08" .

SE- 3604, posteured 4 hr 205°C; 2" » 1.5% x 0.08" .
Viton A4411A-990, as received; 6" & 1" x 0.08" .

Table 55

MASS SPECTROMETRIC ANALYSIS 1IN STTC OF MATERIALS
VOLATILIZED AT 1239C AND 107" TOBRR:  SEALS AND GASKET>

PDENTIFIED COMPONENTS

MATERIAL

Major Minor

SE-355 (gray, red, and | mixed silicones --

white)
Hycar 520-67-108-1 hydrocarbon oils --
to m.w. 400
Viton A4411A-990 benzyl ether carbon dioxide;

(CF,) and CH F
2'n nnon
dioctvlphthalate
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Table 56

EFFECTS OF DECONTAMINATION CYCLES ON SEAL AND GASKET MATERIALS
(Six cycles of humidified ETO-Freon for 30 hours at 507()
SHORE . C ELONGATION
MATERIAL® DIMENSIONAL | WEIGHT HARDNESS FENSILE, wst 4 o1 9REAK, ©
' ’ CHANGE,, 7 CHANGE, <
Control | Test Control | Test Control | Test

Acrylic

Hycar 502-67-108-1 [., n.c. +0. 64 86.3 | 85.4 1860 1910 128 128
Butyl

805-70 ., +0.1 +1.22 77.2 T0.9 1120 1350 295 325

EX-1090 l., +0.15 +0.72 70.7 T2.2 2210|2180 550 500

EX-1091 1., +0.32 +1.1¢4 71,0 71T 1800 1610 380 325

EX-1092 L, +0.17 +0.76 T60.2 76.4 1884 1630 210 182

FR 60-26 L., +0.30 +1.07 62.5 |62.6 2292 1968 554 380

SR 613-75 L, +1.07 +3.32 82.1 M| 1394 1191 150 159

SR 634-70 [., +0.10 +0.91 1.1 4.0 2058 1865 1006 300
Ethylene-Propylene

SR 722-70 (A) [., -0.05 +0.38 T T6.5 2188 2352 268 250

SR 722-70 (B) L, +0.06 +(), 49 TT.H T8 1571 1766 195 212
Fluorocarbon

Viton A41]11A-990 L, +0. 17 +] .47 85,4 846 2030 2080 358 1T
Silicone

lHadbar 28-80 ., -0.12 +0.21 U0 T9.8 1108 1057 331 340

Hadbar 1000-80 L, +0.02 +(, 06 85.6 [|437.2 o7l 918 116 119

SE-555 (red) ., +0.01 +0.12 T0.6 1698 1080 1160 500 188

SE-555 (gray) I, +0.02 +0.23 60,1 57.9 P15 1371 (BN 1T

SE-555 (white) L, +0.09 +0.20 60.8 139.4 1610 1443 180 197

SE-556 L, +0.21 +0.14 54.0 | 9%.6 1390 11423 515 183

SE-3601 (24 480) I., n.c. +0.03 T T 819 804 142 127

SE-36013 (24 480) L, n.c. +0.11 T0.6 T0.5 1020 89! 212 150

SE-3713 (24 130) ., n.c. +0.17 7.9 81.1 [RIRIY 1128 126 131

SE-3813 (24 480) [., n.c. +0 .50 87.1 87 .6 1071 1123 TY 92

SE- 4511 (24 480) L, +0.11 +0, 11 52.1 30.9 733 672 311 RN

All samples were used 1n the as-receirved state, except for SR 722.79 (B) which was postoured

23 hre 150°C,
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a7

24 hr 150°C.

129

CFFECTS OF THEBRMAL-VACLUM ENVIRONMENT ON SEAL AND GASKET MATERL ALS
(300 hours at 133"C and 10" torr)
NS 1O - SHORE ) ppnsiig, psa | BROSGATION
MATERTAL® DIMENSTONAL WETGHY HABDNESS AT BREAK,
D CHANGE CHANGE |
Control Test Contral [est Controt T'e st
Acrvlic
Hycar 520-67-108-1 I, n.¢ -1.0n 80.3 gu.1 186t 2l 124 88
Butyl
805-70 L., —t.00 -2 12 T2 74,9 1120 11oo RN 208
EX- 1090 L., -6.34 1.5 0.7 86.0 2240 1710 350 120
EX-1091 [.. 0,50 =119 7.0 TU.8 Lgan 18 10 180 200
EX-1092 I., -U.9 -2.11 6.2 85.7 1880 1380 210 Y
FR ov0-26 L, -1.60 -.1.30 02.5 8.8 22wl 1520 354 228
SR 613-75 L., -u.81 =215 82.1 8l.6 1108 1ot 150 216
SR E-To 1., n.c -1.78 T g3 .1 2008 GO Hin 47
!
Ethylene-Propylene
SR OT22-T0 (A I, -0, 4, 1.68 U0 TIPS 2184 220t 0Y 215
SR T22-To (B [., -0.76 1.1t U5 82,5 1571 1900 1495 182
Flaorocarbon
Viton APLIA-090 [., n.c 0.5 85.1 gn .y 2030 2220 354 RIS
Silicone
Hadbar 28-8C L, -0.43 -0.67 85.6 88.6 971 8t 116 101
Hadbar $000-80 L., -0.26 -0.56 U I T1 D LHoy a1 3§31 282
SE-555 (red) I., -0.08 -0, 7H 0.6 6HU. 6 Losn Piie 300 ]2
SE-5535 (gray) [, -0.206 —0.45 TN RTTIY L5 | 1iso 12 i1
SE-355 (white) L, +0.21 .85 hi g | boLo 1t b 0l 130 125
SE-5306 ., -0.31 -1.04 St.h 65.3 1390 1390 315 154
SE-3604 (24 180) l., n.c -0.18 T 8. g1y G1T (BRI 165
SE-3613 (2.4 180) I.. n.c -0, 13 TULe o7 1020 RN 212 N
SE-3713 (24 180) L., n.c -0.25 L9 T ovo L 1ETe 126 117
SE-3813 (24 480) [., n.c. =033 87t 88.2 1074 F230 7Y ]
SE-4511 (24 480 l., -0.03 -0.21 2.1 ol 733 DR 312 253
All samples were used in the as-received state, except for =R =22.To i whio b was postenred




Table 58

EFFECTS OF LECONTAMINATION CYCLES PLUS THEBRMAL-vACUL'M
ENVIRONMENT ON SEALS AND GASKETS

SHORE TENSILE is1 ELONGATION
MATERIAL® DIMENSIONAL WEIGHT HARDNESS o - AT BREAK, <
o CHANGE, < CHANGE |, <
Control | Test JControl] Test [Control| Test

Acrylic

Hycar 520-67-108-1 I., n.c. -1.44 86.3 90.8 1860 2120 128 85
Butyl

805-70 L, -1.44 -2.22 77.2 | 80.1 1120 1350 295 238

EX- 1090 L, -0.63 =2.20 70.7 81.6 2240 1670 550 170

EX- 1091 L, -0.74 -1.63 71.0 j79.8 1800 1840 380 200

EX-1092 ., +0.86 -2.93 76.2 84.5 1880 1510 210 91

FR 60-26 L, -1.80 -4.73 62.5 0.5 2202 1559 ot 259

SR 613-75 l., —0.65 =2.22 82.1 82.7 1391 1098 150 190

SH 034-70 l., -0.57 -2.03 Tl.1 g.1.0 2058 1023 100 165
Fthylene-Propylene

SR T22-70 (V) l., -0.68 -2 TT.e |80l 2188 231 269 2145

s T22-70 (B) L, —0.72 -1.51 7.5 | 8o 1571 2000 195 189
Fluorocarbon

Viton A{411A-990 l., n.c. +0.11 85.4 [ 87.06 20030 2120 358 I
Silicone

Hadbar 28-80 L, -0.07 -0.61 83.6 89.5 971 850 lio 10y

Hadbar 4000-80 L, -0.26 -, 3y TT.0 |81y 1108 841 331 269

SE-555 (red) .. n.c. -0.75 T0.6 ] TEL0 1 Lu8h 1630 500 175

SE-555 (gray) I., -0.3b -0.91 60.1 b, T 1115 1153 t12 377

SE-535 (white) [.. -0.38 -0.79 60.8 h9. 7 1640 1268 180 100

~SE-556 l., -0.1%0 -0.92 FR N . O 1390 [ 515 138

SE-3604 (217380) [., n.c. -0.22 A T B g1y [oTo 112 125

SE-3613 (21 180) l.. n -0.014 Tu.h 0.1 1024 930 212 110

SE-3713 (247180) l.. n.c. -0, 20 779 9.1 1196 1103 126 112

SE- 3813 (21 480) l., n.c. -0, 21 87.1 [89.0 107} 1220 T4 78

SE-45011 €21 1800 l., -0,07 -0, 18 5201 8.0 733 Tu] 312 258

A\l sarples were used 1n the as-ce erved state, exoept for SR T22-Tu (B which was postoured

24 b bl
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XVII. SHRINKABLE MATERIALS (SM)

Micro~VCM data for shrinkable materials are given in Table 359.

The fluorocarbon and polyester materials easily qualify as space-grade

candidates. Since two of the polyolefins had acceptable weight-loss

values, a further evaluation was made of Thermofit RNF-100 in order to
determine whether the VCM was of a kind that would evaporate with time.
As shown by the data in Table 60, the VCM increases with time and thus

the initial disqualification by micro-VCM screening was confirmed.




Table 59
MICRC-VEM DETERMINATEONS:  SHBRINKABLE TUBING
(24 hours at 125°C and 1078 torr)

(VCM collector plates at 25°C)

I e 1 T TE ATAENT TOTAL WT.
MATERTAL MFR. TREATMENT LOSS, &

Fluorocarbon
————

Thermofit TFE (7-30-09) ¢ | Postcured 1 hr. 150°C
Thermofit 1FE (7-32-16) . | Postcured 1 hr 150°C
Thermofit TFE-® Postcured 1 hr, 150°C
Penntube IT-SMT Postcured 1 hr 150°C

Fluorocarbon. irradiated

Thermofit Kynar " | Postcured

Polyester

—————

Mylar, 0.004" wall ST Postcured 10 min 110°C
Mylar, 0.012" wall Postcured 19 mia 110°C

Polyolefin, irradiaied

Thermofit BNF-100 AY | Postcured
Thermofit CBN (clear) "~ | Postcured
lhermofit CRN (white) Posteured
Therr of1t CRY (black) "~ | Postcured

he 150°C
he 150°C
hre 150°C
hr 1507C

1
1
1
!

I Nee .\ppe'ndlx AL
>
= See Appendix B

Table oU

MACRO- VM DETERMINATIONS:  SHRINKABLE TUBING

HOUK> OF EXNPOSURE

. 4L . -h .
VATERL AL, PROPERTY 1257 AND 10 " TORK

18 Yh

Thermotit KNF-LOU® We, loss,
\(M, wt -

C Poatoured 1ohe 1000 dimencaons, 0" o0
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XVIII. SLEEVING (SL)

weight-loss and VCM data for sleeving materials are given in Table 61.
None of the materials which have been screened were available in sui-

ficient supply for mechanical-property tests..

On the basis of micro-VCM data the best sleeving materials which
were tested anrear to be formulated from acrylic-glass fiber combinations:
however, macro-VCM determinations (Table 62) for Ben Har Acryl A indicate
increasing VCM with time. No fluorocarbon materials in the form of

sleevings have been evaluated.
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Table 6l

MICRO-VCM DETERMINATIONS: SLEEVING
(24 hours at 125°C and 107° torr)
(VCM collectors at 25°C)

TOTAL WT.
LOSS, &

1

MATERIAL MFR.° TREATMENT

Glass fiber (coated)

Ben-Har Ex-Flex 1500 Postcured 24 hr '150°C
Ben-Har Pyro-Sleeve ST As received
Ben-Har Pyro-Sleeve ST Postcured 24 hr '150°C

Acrylic-glass fiber

Ben-Har 1258-1, B Postcured 24 150°C
Ben-Har 263 FC-3 As received
Ben-Har 263 G-3 Postcured 24 "150°C
Ben-Har Lecton B Postcured 24 hr/150°C
Ben-Har Acryl A FAl As received
Ben-Har Acryl A FAl Postcured 21 "150°C
Ben-Har Acryl C-2 As received

Siliccene-glass fiber
Ben-Har 1062 HA-1 As received
Ben-Har 1062 HA-1 Postcured 21 150°C
Ben-Har 1151 HA-1 As received
Ben-Har 1151 HA-1 Postcured 24

; 15090
1 150°C
t 150°C
i 1350°C

ten-Har 1151, Arrasil-2 Postcured 2
Ben-Har 1151, UL Pustcured 2
9

Ben-Har 1131, Superwall Postcured
1

! See Appendix A.
5
“ See Appendix B.

Table 62

MACRO- VCM DETERMINATIONS:  SLEEVING

HOURS OF EXPOSURE

MATERIAL PROPERTY AT 125°C AND 97" ToRe

18 a6 36

Ben-Har Acryl A* We. loss, < 0,33 0.26
VM, Wi 0,03 0. 06

* Posteured 24 hr 130"C: Dinensions:
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XIX. TAPES (TP)

*ficro-VCM data are given in Table 63 for a number of pressure-
sensitive tapes. One of these tapes (Mystik 7452) was evaluated further
by a macro-VCM determination (Table 64) and the volatile materials
were identified (Table 65)., The results of comprehensive testing for

a number of the tapes are summarized in Tables 66 to 68,

As shown in Table 63, only two tapes (Mystik 7452 and Fibremat
Type 2539) have passable weight-loss and VCM values. Macro-VCM deter-
minations for the Mystik tape revealed that the =wall amount of VCM
apparently will re-evaporate in time from a condensing surface; the
VCM is probably a glycol-benzoate and a phthalate ester as indicated by

mass spectroscopic analysis.

In Tables 66 to 68, it is shown that Mystik 7452 not only maintains
the best mechanical properties throughout all ETO and TVE testing, but

also appears to become stronger in the various environments.

Cf the Mystik tapes tested for mechanical properties, the best
performers appear to be those with the rubber-resin bases (7452, 7020,
and 7455), although the high-VCM values for 7020 and 7455 and the shrink-

age of 7455 must be considered in the light of their end-use.

The Mystik tapes which are not satisfactory either for VCM content
or mechanical properties are those based on combinations of polyesters
or silicones with other materials (7300, 7352, and 7503). However, the
polyester-base Fibremat (Type 2539) has excellent micro-VCM values; un-
fortunately, it is a recent acquisition and has not been checked for

mechanical properties,

Scotch Tape #27 is the familiar electrical "glass-tape" found in
any laboratory or home shop and was checked in the micro-VCM determina-
tion because of its ready availability; the data show it is to be

avoided for spacecraft use,
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Table 63

MICRO-VCM DETERMINATIONS: TAPLS
(24 hr at 125°C and 1079 torr.
(VCM collector plates at 25°C)

1 n 2 , TOTAL WT. VCM,
MATERIAL MFR. TREATMENT LOSS, WT-%
Epoxy
Scotch Electric Tape #62| MWE |As received 1.11 0.97
Scotch Electric Tape #62| MME | Cured 2% hr at 150°C 0.86 0.70
Fluorocarbon-silicone
Mystik 7503 RCM | As received 1.17 0.73
" Mystik 7503 BCM | Cured 24 hr at 150°C 1.02 0.81
Polyes' er
Mystik 7352 BM | As received 4.34 1.58
Mystik 7352 BCM | Cured 24 hr at 150°C 1.60 0.7:
Fibremat-1 (Type 2539) MIE | As received 0.19 0.02
Polyester-aluminum
Scotch Tape #8532 \WE | As received 1.69 0.70
Scotch Tape #8532 WE | Cured 24 hr at 150°C 0.57 0. 10
Polyester-glass
Scotch Tape »27 WE | As received .08 2,27
Scotch Tape #27 \ME | Cured 24 hr at 150°C £.37 2.29
Pelyester-silicone
Mystik 7300 BCM | As received 1.90 1.28
Mystik 7300 BCM | Cured 24 hr at 150°C 1.1 1.03
Rubber resin-aluminum
Mystik 7452 BCM | As received (.37 0.0t
Rubber resin-glass-Al
Mystik T455 BOM | As received 3.82 2.62
Mystik T55 BOM | Cured 24 hr at 150°C 1.71 1.34
Rubber resin-glass
Mvstik T020 BM | As received 2.63 0.62
Mystik TG0 BCM | Cured 24 hr at 150°C St (.56

! See Appendix A,

3
“ Se« Appendix B.
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Table 64
MACRO-VCM DETERMINATIONS:  TAPE
HOURS OF EXPOSURE
Gzl 6 .
MATERI AL PROPERTY at 135 G and 1o tor
24 18 e 336

Mystik 7.452* We. loss, | 0.15 0.18 0. 14 019

VOM, we-9 0. 06 0.03 0,05 .03

N
As received; dimensions: 0.5" x 48" x 0,001

Tablc 65

MASS SPECTROMETRIC ANALY SIS IN SITU OF MATEREALS
VOLATILIZED AT 125°C AND 107" TORR: TAPE

IDENTIFLED COMPONENTS

MATERTAL
Major Minor
Mystik 7452 glycol-henzoate; toluene:
mono-ester of phthalic sater;
acid ) ol
dioctviphthalate
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Table 66

EFFECTS OF DECONTAMINATION CYCLES ON TAPES
(Six cycles of humidified ETO-Freon for 30 hr at 50°C)

T-PEEL TEST,
. DIMENSTONAL WEIGHT Ib. 1n-WIDTH
MATERLAL CHANGE, @ CHANGE, %

Control Test

Mystik 70 +2.6. 5.61 6.10
Wystik 7 1.0 318 3 04
Mystik 735: +0.§ 2.10 1.68
Mystik 7.45: . +0.: 2.10
Mystik g +0. 3.71
Mystik 750: +0, 2.70

.
As reccived.

Table 67

EFFECTS OF THEBMAL VACUUM ENVIRONMENT ON TAPES
(500 hr at 135°C and 10°% torr)

T-PEEL TEST,
- . DIMENSIONAL WEIGHT b 1n-WIDTH
MATERIAL CHANGE, © CHANGE, <

Control Test

\Mystik 7020 n.c. .32 .6l 8.
Mystik 7300 2.4 L4t 3.18 2.
Mystrk 7352 1.2 -3.08 2.10

Mystik 7452 -0.31 2,10
Mystik 7455 2.56 3.7.
Mystik 7503 .20 2.70

»
As recerved,

Table 68

EFFECTS OF DECONTAMINATION CYCLES PLUS
THERMAL - VACUUM ENVIRONMENT ON TAPES

T-PEEL TEST
DIMENSTONAL WE IGHT Ib re-WIDTH

MATERTAL CHANGE, © CHANGE .

Contreld Test

Mystik 7020 .c. 2.6, 5.0l 3.59
Mvstik T3on .36 . 18 .80
Mystaik 7352 1. 19 AN Lo 1.90

Mvstrk 7492 .C. . 1o 9,04
Mystik T .C. 2050 3.74 3,50
Mystik 750. 04 LY. 2.7Y 2.8

.
As received.
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XX. TEMPERATURE CONTROL COATINGS (TM)

The screening data given for temperature control coatings in
Table 69 indicate that some of the products may be useful for spacecraft
use when the optimum conditions of curing are determined. For example,
the observed VCM value for an epoxy coating, Velvet Black 401-C10, is
satisfactory, but the weight-loss value is entirely too large after mild
curing. As shown in Table 71, the weight loss is due essentially to
high-boiling solvents (130-150°C). Thus, the coating must be cured for
long times at wild temperatures such as 110°C if assembled optical com-
ponents cannot withstand higher temperatures; alternatively, the coating
might be cured at lower temperatures in vacuum. The effect of elevated
temperature and vacuum on the integrity of this material will be deter-
mined when the 8-month storage tests (see Section XXIII) are terminated.
As mentioned in that section, Velvet Black 401-Cl0 is being used as a

heat transfer medium in the long-term storage apparatus.

The same attention to curing temperature and time may be required
to provide suitable polyurethane coatings (white and black Laminar X-500) .
The nature of the volatile components has not been examined, but the
large differences between weight-loss and VCM values again indicates

the presence of solvents,

Improvement of the other coatings listed in Table 69 by alternative
curing cycles is doubtful since many of these still are not satisfactory
after such attempts. Further examinacion of one of these, Velvet Black
101-C1G, indicates high-molecular-weight plasticizers are released

(Table 71) and that these evaporate slowly from cold surfaces (Table 70).

In view of our experiences with these coatings, the importance of

absolutely thdrough mixing of components before and after vlending can-

not be emphasized strongly encugh.




Table 69

MICRO-VCM DETERMINATIONS: TEMPERATURE CONTROL. COATINGS
(24 hr at 125°C and 1076 torr)
(VCM collectors at 25°C)

5 . -
MATERIAL' MER. TREATMENT “L’g’;'s“'“; W
Alkyd, modiiied
Velvet Biack 101-Clo MMA As received; 24 hr 25°C 5.50 1.12
Velvet Black 101-CLO MMA As received: lo0 hr 25°C 4.30 0.83
Velvet Black 1¢1-Cl0 VA As received; 21 hr '110°C u.95 0,21
Velvet Black 101-C1i0 MMA As received; 96 hr '110°C 0.68 0.17
Velvet Black 101-Clo MMA As received; 108 hr /110°C 0.33 0.17
Velvet Black 101-Cl0 AMA As received; 24 hr/150°C 0.57 0,25
Epoxy
Cat-a-lac Fiat Black FPC As received: 21 hr 25°C 13.00 1.52
(163-1-83)
Cat-a-lac Flat Black FPC As received; 24 hr 150°C 0.38 0.23
(463-1-8)
Cat-a-lac White Gloss FpPC As received: 21 hr 25°C 15.79 0,95
1443-1-500)
“at-a-lac White Gloss FPC As received; _1 hr '150°C 0. 86 0.52
(413-1-500)
Corlar-585 (Black) DUP As received; 72 hr 23°C 8. 38 1.28
Corlar-5¢5 (Black) DUP As received: 24 hr 1507C 2.38 1.28
Velvet Black $01-Cl0 A B MMA 3pA 1pB; T das 257C 5.30 [URDE
Velver Black 401-C10 A B \MMA 2pA 1pB; 2 hr 25°C + 1 hr 63°C 5.32 0.u3
Velvet 3lack 401-Cl0 A B MMVA 3pA-1pB; 2 hr 25°C + o hr n5°C .72 0,03
Velvet Black 401-Cl0 A'B ADMA 3pA 1pB; 2 hr 25°C + 7 das 1100 3.0l 0,04
Polyurethane
Laminar X-500 (4B-1 MMC Loop4B-1 100p10C-45; 72 hr 25°C 18.15 0,95
black) 10C-45
Laminar X-300 (4B-1 MMC 100p4B=1 100pl0C-15: 72 hr 25°C 1.23 0.05
black) '10C- 43 + 24 hr 1257C
lLaminar X-500 (4B-3 WC L00pdB-3 100p10C-45: 72 hr 25°C 11,90 0,01
flat black) '10C-43
taminar X-500 (4B-3 MeC L00p 4B-3 100p 10C=145: T2 hr 25°C 2.10 00l
flat black) 10C-15 + 24 nr 125°C
laminar X=500 (8W-24 Mec 1p8w-24 lpHardener lpReducer: tvo 8.63 0.09
white with Teflon filler) coats, each cured 2 hr 533°C
Laminar X-500 {(8W-2} MCC tpgh-21 lpHardener lpBeducer: two 1.n2 0Lt
white with Teflon filler) coats, each cured 2 hr 33°C, post-
cured 1 hr 95°C 107° torr
Sihicone-alkvd
PV-lii (White) VWi As recenved; Lo hr 257C 2.1 0,30
PV-100 (White ) Vv As recenved 21 hre 1507C 1.5l 0,15
|
Nee Appendix AL }

¥ See Appendix B.
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Table 70

MACRO-VCM DETERMINATIONS:  TEMPERATURE CONTROL COATING

HOURS OF ENPOSURE

MATERIAL PROPERTY AT 123°C AND 1077 TORK

24 18 Yh RRTH

Velvet Black 101-Ciu* Wt-loss, “ 0,84 0.70 1.01 1.38
VCM, wr-% 0,10 0,04 0,11 0,13

* Applied to 3-ft lengths of 18-ga copper wire aud cured 168 e 116C

Table 71

MASS SPECTROMETRIC ANALYSIS IN I €% MATERIALS
VOLATILIZED AT 125°C AND 107 % TORR:
TEMPERATURE CONTROL COATINGS

IDENTIFIED COMPONENTS
MATERIAL
Major Minoar
Velvet Black 191-CIl0 dioctylphthalate --sebacate
Velvet Black 101-Clo ceilosolve acetate xvlenes
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XXI. TIE CORD/LACING TAPE (TC)

Micro-VCM data for tie cord/lacing tape materials are given in
Table 72 and mechanical-property data are given in Tables 73 to 75. As
indicated by the micro-VCM data, the Dacron-synthetic rubber materials
incurred excessive weight losses in the as-received state; further ex-
amination revealed a loss of mechanical properties of one of these

(18-096) in the TVE and ETO-TVE testing, although no change was affected

by ETO only. The other (ISDH) appears to maintain tensile properties in

the TVE and ETO-TVE testing, but is subject to shrinking. The Nomex-
silicons has poor VCM values as-received and is subject to stretching
after FTO and ETO-TVE testing. Fluorocarbon lacing tape (Temp—Lace

256H) maintained its proper:ies throughout all our tests,

UTCRO-VOM DETERMINATIONS:  TiE CORB LACING TAPE
(21 hr at 123°C and 10 " torre)

o

(VEM collector plates at 25700

MATERT AL l MER. T TRENTMENT tol \!i bR
LSS,

Nomex-silicone

Gudebrod T21H X As recerved
Gudebrod T21H X Postcured 21 hr at 150°C
Gudebrod 7225 X As recelved

Gudebrod 722~ ;B Postcured 21 hr at {50"°C

Dacron-svnthetic rubber

Gude-Npace 18104 . \s recerved
Gude-Space 18106 ) Uosteured 2t hr
stur-D-lLace |[8IH : A= recelved
stur-D-lace 180 ) Postoared 21 hr o

Impregnated fluorocarbon

_fx bre

Temp-Lace H2oni ) A~ recenved

See \ppradic A,

- Nee \ppf'milx 3.




Table 73

EFFECTS OF DECONTAMINATION CYCLES ON TIE CORD- LACING TAPES
(S1x Cycles of Humidified ETO-Freoon for 30 Hours at 50°C)

ELONGATION

TENSILE, ps» AT BREAK, ©

. DIMENSIONAL | WEIGHT
MATERIAL CHANGE. % | CHANGE, =

Control Te st Control | Test

Gude-Space 18D9n . .C. +]. 12,000 142,900 27 32
Gudebrod 225 . +2 .54 36, 000 | 32,800 ~ 1 <1
Stur-I)-Lace 18[H Lo+ +1.: 32,000 139,000 <1 ~1
Temp-lace 256t ., n.c. +0,5: 14,9¢0 15, 100 32 40

-
As received.

Table 71

EFFECTS OF THERMAL- VACUUM ENVIRONMENT ON
TIE CORD, LACING TAPES

(500 Hr at 133°C and 0 ° Torr)

ELONGATION

TENSILE, ps2 AT BREAK,

e DIMENSIONAL | WEIGHT
MATERIAL CHANGE., = |CHANGE, °

Control Te st Control | Test

Gude-Space 18196 Lo —0.23 -0.45 42,000 | 30, 500
Gudebrod 7225 L0021 ~4.28 36,100 | 32, 600
sStur-D-lLace [8DH o=l 04 =-1..45 32,000 |31, 100
Temp-l.ace 256l 0.0l -0.19 14,900 |14 050

.

As received.

Table 75

EFFECTS OF DECONTAMINATION CYCLES PLUS THERMAL-VACUUM
ENVIBONMENT ON TIE CORD LACING TAPES

| ELONGATION

DIMENSTONAL | WETGHT TENSILE, ps

CHANGE, 7 CHANGE, 7

MATERIALS AT BREAK, <

Control Test Control | Test

Gude - Space [8P0n .~ . M B 12,000 29,100 2 20
Gudebrod 7228 . L -3.25 36, 100 35,900 ‘ ol
Stur-D-Lace [3DH I ~-1.39 32,000 38, o : !
Temp-lLace 23nH . . R 14 000 L 1L 300 30

.
\s recerved,




XXII. WIRE ENAMELS (WE)

The results of micro-VCM screening of several wire enamels are
given in Table 76. Any of the three materials tested appear to bhe

suitakle candidates based on these data; no other tests were performed.

No additional work was performed with the polyimide enamel.

Table 76

MICRO- V(M DETERMINATIONS:  WIRE ENAMELS

(24 hr at 125°C and 10" torr)
(VCM collector plates at 2,"C)

TOTAL WT.

. 1 qy 2 TR VTR
MATERIAL MFR. TREATMENT LOSS

Acetal (Formex)

Magnet wire (AWG-35) ) As received

Pclyimide
PYRE-M.L. R.C.-5057 Cured 24 hr at 150°C

Poliurethane

Magnet wire (AWG-22) ) As received

' See Appendix A.
2 See Appendix B.
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XXIII. LONG-TERM STORAGE TESTS

The recommendations made in prior sections of this report are based
on the results of short-term tests, that is, from measurements of the
effects of thermal-vacuum exposures of 24 to 500 hours on various
physical properties of polymers, There was ever present the question of
whether short-term tests could adequately describe the behavior of poly-
mers when exposed for a long time to a thermal-vacuum environment. Thus,
it was of interest to develop equipment which could provide over ex-
tended periods of time measurements of significant mechanical properties.
A storage time of about 8 months was selected because it represented
about the longest time a spacecraft would be called upon to perform in
the near future and because it would permit set-up, observation, and
terminal evaluation during a 12-month contract period. Thus, the primary
objectives of the long-term exposures of polymeric materiuls to the
thermal-vacuum environment of 125°C and <10-6 torr are:

(1) To test the reliability of performance of polymeric

materials in an environment which simulates a long-
term space flight, e.,g., 8000 hours to Mars;

(2) To determine the effectiveness of short-term tests
in the evaluation of polymers for long-term use.

The long-term storage apparatus at SRI (see Figure 18) consists of
four vacuum units, each operating as an independent sys.em. Since there Y
must be no question of cross-coutamination in tests of such long dura-
tion, only one polymeric product is used in each unit. In the first
series of long-term tests (terminated durirg this contract), the best
elastomer was selected for storage under constant strain from each of
the three polymeric classes previously tested on the basis of mechanical
performance within each class during aad after 1000-hour exposures to
the thermal-vacuum environment. The plastic material stored for creep
under ccnstant lcad was selected in the light of current interest in

a relatively new material,
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For the second series of long-term tests (in progress), oroducts
were selected on the basis of micro-VCM determinations, and include an
elastomer for constant strain, a plastic film for creep urcer load, and

an adhesive film for creep under load.

APPARATUS

The photograph in Figure 18 shows each individual vacuum chamber
covered with a protective aluminum shield., The shielas serve a dual
purpose, i.e., maintenance of thermal equilibrium ana protection from
radiation (daylight and fluorescent fixtures). Eacbh unit has a separate
heating control, three-position thermocouple read-ont, and vacuum system.
As each vacuum chamber is loaded with its samples, the chamber is evac-
uated to less than 10—3 torr with a mechanical pump; then its ion pump
(varian, 15-liter) is activated. When chamber pressure is less than 10_5
torr, the unit is sealed-off for the duration of tiie test by crimping
the fore-pump line. The temperature of the chamber is then raised

gradually over a period of about 48 hours to 125°C,

Figure 19 illustrates the apparatus for storing plastic films under
constant load. The cylinders are made of brass and are filled with lead
shot to provide the desired loads. They are suspended from clamps
affixed to the ends of the samples and are provided with a stationary
central rod to guide the weight in the event of sample rupture; this
position is shown in the photograph, taken at the end of a storage period.
Figure 20 shows the apparatus within the bell-jar, ready for evacuation.
Also shown in Figure 20, within the bell-jar and surrounding the test
apparatus, is the cylindrical glass heater. The glass has been coated
at SRI with a bismuth oxide/gold/bismuth laminate; the gold layer is
of the order of 90-100 A in thickness., At intervals, current-carrying
copper wire is affixed to conduciing silver paint or epoxy-silver solder.
The assembly was annealed at 400°C. As can be seen in the photograph,

objects are clearly visible through the heater,

The apparatus for storing elastomeric materiale under constant
strain is shown in Figure 21, The support pins are positioned sc that
rings of elastomers can be stretched over them at several different

values of strain,
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Complecte design drawings for the constant-load and constant strain
apparatuses, glass heater, and general assemblies are given in Interim

Report No. 3, Part II, December 1966, under this contract,

A close-up view of the creep testers Ior adhesives is given in
Figure 22, The outer body of the tester is made of stainless steel;
the compression springs are set with an Instron testing machine to provide
specified loads on the sample specimens., The creep testers are de-~
signed to contain the shock in the case of a rupture so that no part
of the total assembly will be damaged. 1In order to promote uniform
heat transfer throughout the heavy metal fixtures, the supporting
aluminum plates have been painted with 3M's Velvet Black 401-Cl10, which
was baked on for 24 hours at 150°C prior to installation. 1In this way, a
secondary long-term storage test is being conducted, that is, the main-
tenance of integrity of a candidate temperature control coating. The
total assembly of creep testers within the glass heater and bell jar
is shown in Figure 23 and complete design drawings for the creep testers

and the supporting fixture are given in the supplement to this section,

LONG-TERM STORAGE TESTS (COMPLZTED)

Three elastomeric materials for constant strain and one plastic
material for creen under constant load were stored in the thermal-vactum
-6
environment of 125°C and <10 torr for periods of 6550 and 5060 hours,
respectively; these were:
SE-3604

Viton A4411A-990 1 elastomers, used as received,
Hycar 520-67-108-1 )

and PPO 681-111 (clear), plastic film, annealed 1/2 hr/180°C.

Elastomers

The elastomers were cut into rings and stretched at room temperature
over the supporting pins on the constant-strain apn~ratus, Two to four
specimens we.c subjected to each strain, and at least four rings were
stored in the apparatus at zero strain., Rings from each elastomer rup-

tured at maximum strain during the first 2 weeks of exposure to vacuum
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and temperature; subsequently, only one rupture occurred during the rest
of the 6550-hour storage period, Hycar-1, and that was attributed to a
faulty specimen rather than thermal-vacuum effects in view of the total
data. At the end of the test, all of the rings remained fixed in the
set they assumed in the stretched positions when they were removed from
the supportirg pins. They were then tested for tensile strength and

elongation; a summary of the results appears in Table 77,

With the exception of the rings stored at maximum strain, which
approximated as-received control sample elongation values, terminal tests
for tensile strength indicated that these values for all the strained
specimens did not vary more than 20-30% from those which were stored at
zero strain nor from the unexposed control samples. Similarly, terminal
elongation values did not vary more than 30% from samples stored under
strain from those under no strain, but per cent change over control was

excessive for the Viton and grossly excessive for the Hycar.

A comparison of changes in mechanical properties over control sample
properties after different lengths of time of storage in a thermal-vacuum
environment is given in Table 78. Although the samples used for the 500-
hour tests were from different batches of materials, the results are
comparable to those obtained after the 1000-hour tests., Compared with
500- and 1000-hour storage, the changes in properties after 6550 hours
are not significant for the SE-3604 and are probably within the limits
of testing accuracy for the Viton., The tensile strength of Hycar is

iittle different after 6550 hours but the elongation is severely reduced.

Assuming (from general opinion) that 20-25% change over control is

ac.eptable, Hycar would immediately be disqualified after the 500-hour
storage, verified by the 6550-hour storage results; the material is zlso
disqualified by micro-VCM data. The SE-3604 is considered acceptable

by micro-VCM data and 500-hour storage tests, verified by the results

of 6550-hour siorage. The Viton also is considered acceptable by
micro-VCM data and 500-hour storage, but marginal after the 1000- and
G550-hour storage periods; however, it maintains the best over-all
properties. In general (again remembering that different batches of

materials are heing discussed), it would appear that 1000-hour storage
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periods will provide for more accurate evaluation of long-term use than
periods of 500 hours or less, but disqualification at the 500-hour

level is final.

Plastic Film

The PPO 681-111 film was cut as dog-bone shaped micro tensile
specimens., Duplicates weve run at loads of 1500 and 1750 psi and four
specimens were run at 2000 psi; several specimens were placed in the
apparatus under zero load. No specimens at 1500 psi ruptured during
the 5060-hour storage period, one specimen at 1750 psi ruptured at
about 1540 hours, and one specimen at 2000 psi ruptured &t about 4000
hours. Observed deformation for all specimens was less than 1%. The
specimens under zero load and under 2000-psi load were tested for
tensile properties when they were removed from storage after 5060 hours;
test data are summarized in Table 79. The per cent changes in mechanical
properties over control sample properties are summarized in Table 80 and
compared with data obtained after 1000-hour storage periods. The re-
sults of tests after both storage periods indicate that the 1000-hour

tests were sufficient for evaluation.

LONG-TERM STORAGE TESTS (IN PROGRESS)

Currently, four different polymeric products are being stored in
the thermal-vacuum environment of 125°C and <10—6 torr for ditferent
properties; these are:

Metlbond-328, adhesive, Ior adhesive creep;
Kapton 200XH667, plastic film, for creep under constant load;

SE-4511, elastomer, for stress under constant strain;
Velvet Black 401-Cl0, temperature control coating, for adhesion,

A summary of test data to July 26, 1967 is given in Table 81,

Temperature Control Coating

Velvet Black 401-Cl0 was mixed according to manufacturer's in-
structions, applied with a camel's hzir brush to the aluminum supporting

platns of the adhesive creep testers, and baked for 24 hours at 150°C.
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The coating will be examined for evidences of crazing and firmness of

bonding at the end of the storage period which commenced April 26, 1967.

Plastic Film

Kapton 200XH667 was prepared as micro tensile specimens which are
stored as duplicate samples in the constant load apparatus at loads of
2500, 5000, 7500, and 10,000 psi; the test sections of the specimens are
0.125-1in wide and 0.8-in long. Observation of creep during storage are
made by sighting with a cathetometer over the top of each cylindrical
weight (Figure 20) to a precision scale graduated in 0,01-in markings.
At the termination of the storage period, initiated May 19, 1967, the
surviving specimens will be tested for tensile strength and elongation,

Only negligible creep has been observed co July 19.

Elastomer

Elastomer SE-4511 was cut into rings and stretched at room tempera-
ture over the supporting pins in the constant strain apparatus at the
strains indicated in Tuble 81. Environmental storage began on May 15,
1967 and the 4 rings at maximum strain ruptured during the first week

of vacurm exposure. No others have ruptured to July 26,

Adhesive

Samples of Metlbond-328 were bonded to lapped aluminum plates
(1.50" X 0.50" X 0.09") using the cleaning and specimen-preparation
procedures described in Section III for adhesive creep testing; the
adhesives were bonded under 18 psi for 1-1/2 hours at 165°C, Specimens
in triplicate were stored on April 26, 1967 at loads of 250,500, 750,

and 1000 psi and at zero load. Observations of creep are made by sight- 1

ing the bench-marks (shown in Figure 22) on the test specimens with a
cathetometer. As of July 26, no creep has been observed for any of :
the specimens, At the termination of the storage period, surviving |

specimens will be tested for adhesion shear, 4
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Table 77

SUMMARY Gi DATA FOR LONG-TERM STORAGF TESTS OF EEASTOMERS

(6530 hre at 1257C and <107" torr:

bR ! hRO N .
ELANTOMER SN, \(?' lwl;i}i‘{,';;;?\i‘g\lk;. STRENGTH, AR
no1n BINGS ER AT 1257C P ’
SE- 3604 Control 2 RN (B!
U 5 T 94
025 | tll 100
0.35 1 7T Gy
0.50 ! EYeR! {00
0,75 3 ST 1602
.01 1 R 100
1. 50 I I at —1n 500 106
| at -7
I at O
Viton (ontrol 2 1195 5
ABHTA-990 0 8 1483 260
0.25 ! B 303
(h. 35 3 lolt 241
0. 50 ! [720 325
0.75 ! Lo 248
1,060 ! I o 08
1. 50 1 L300 260
2,50 ! 1n25 314
3050 I 2oat -3 1030 325
2 1 {86 187
i ERE T2
2 1150 8.4
2 1170 93
2 I at oo 111 05
.75 i RN 41
1.00 ! 625 8§
1,50 I 2 at 30 T8 847
Ioat 175

Hyvcar Control
520-67-108-1 0o
0.25
0,33
th, 50
|
|
|
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Table 78

SUMMARY OF CHANGES IN MECHANTCAL PPOPERTIES OF ELASTOMERS STORED
FOR DIFFERENT LENGTHS OF TIME IN A THERMAL- VACUUM ENVIRONMENT

PER CENT CHANGE OVL® CONTROL
ELASTOMER Tensile Strength Elongation at Break

N 1 N - 31 - 1l 2 P 3

300 hi 1000 hr 63550 b 500 hr 1000 hr 6550 hu
SE- 3604 +8 +1 +16 -26 0 -7
Viton AL4l1A-990 +9 +30 +20 -24 +4 =4
Hycar 520-67-108-1] +15 ~16 =22 -31 i ) 52
: Comprehensive test program data, T = 135°C.

2 ~ - -0
pPrior work under Contract 950324 and earlier work under this contract, T = 125°C.

LS PN
3 Long-term storage tests, T = 1257C.

Table 79

SUMMARY OF DATA FOR LONG-TERM STORAGE TEST OF PLASTIC FILM
(5060 hr at 125°C and 107° torr)

FILM Loan, s | it DX ha%vl\g‘??‘fi . N s”xEE(Il‘TlFl i{%gf:tr
PPO 68i-111 Control 4 i - H, 560 )
(clear) 0 ! o040 w7
1500 2 B -- --
1750 2 1 at 1510 R A -- --
2000 1 | at LO0C S 5.200 38 |

Table 80

SUMMARY OF CHANGES IN MECHANICAL PROPERTIES OF PLASTIC
FILM STORED FOB DIFFERENT LENGTHS OF TIVME
IV A THERMAL- VACUUM ENVIRONMENT

PER CENT CHANGE OVER CONTROL
FILM LeAD, st Tensile Elongation
toon hr 3060 hr i0on hr 3460 hr
PPO e81-11i 0 23 +7 -l6 +3
(clear) 2000 -1 =21 -15 -9
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Table 81
PRELIMINARY DATA FOR LONG-TERM
STORAGE TESTS IN PROGBESS*®
(1259 and < 107% torr)

. NO. OF LOAD OR | TIME Ix .
TEST MATERIAL SPECTMENS STRAIN STORAGE REMARKS

Constant load; Met |bond-328 : 0 3 mos. -
adhesive creep . 250 psa no apparent creep
500 psi observed
750 psi for all

1,000 psit specimens

Ceating Velvet Black I uni form
integrity 401-C10 T/11

appearance

Constant strain | SE-4511 2 mos.

R S

1 ruptured within

168 hours of tese

Constant lnad; Kapton 200xHe6 7T

0 2 omos. -
plastic creep 2,500 psi negligibie creep
5,000 p=1 observed

L 500 ps1 for all

[BVIEN PR VRN S o]

10,000 psi specimens

* See report sections on adhesives, films and sheets, seals.and gaskets, and tem:erature control
coatings for_gutgassnng datz and for mechanical property tests after 300 hours of storage at
-0
135°C and 10 7 torr.
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FIC. 19 LONG-TERM STORAGE FIG. 20 LONG-TERM CONSTANT
CONSTANT LOAD LOAD APPARATUS
APPARATUS SHOW!NG WITHIN BELL-TUBC
CYLINDRICAL WEIGHTS




TA-3046-66

Z16. 21 BASIC STRUCTURE FOR SUBJECTING SELECTEL ELASCOMERS TO
SPECIFIC INITIAL STRAINS
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TA-5046-61

FIG.22 CREEP TEST FIXTURE FOR ADHESIVES EXPOSED TO 125°C
AND 107 TORR FOR A PERIOD GREATER THAN EIGHT
MONTHS, SHOWING THE LOCATION OF SPECIMENS WITHIN
THE CREEP TESTER AND THE SCRIBED BENCH MARKS

- -
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FIG. 23 PHOTOGRAPH OF THE TOTAL ASSEMBLY OF ADHE:IVE CREEP TEST
FIXTURES FOR LONG-TERM STORAGE TESTS
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XXI1I. SUPPLEMENT

DESIGN DRAWINGS FOR ADHESIVE CREEP TESTER AND ASSEMBLY
FOR LONG-TERM STORAGE TESTS

B5046~-63

D5046-71

CREEP TESTING TUBE (SAMPLE TEST FIXTURE)

A5046-64
A5046-65
A5046-66
A5046-67
A5046-68
AD046-69
Ab5046-70

Spring Retainer - Upper
Spring Retainer - Lower
Stud

Blade Retainer - Upper

Blade Retainer - Lower

Tube

Blade

CREEP TESTER TREE (TESTER SUPPORT ASSEMBLY)

A5046-72
A5046-73
A5046-74
A5046-75
A5046-76
B5046-77
A5046-78

Test Tube Holder

Test Tube Holder

Plazte - Lower

Plate - Lower

Plate - Upper

Rod (Supporting Center)
Stud
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XXIV, SUMMARY AND RECOMMENDATIONS

Recommendations of polymeric products for spacecraft appiications
must be based on the results of comprehensive test and evaluation pro-
grams which provide for the examination of properties which are signif-
icant in estimating the performance of such materials for long-term use
in the space enviroament and their resistance to pre-flight environments.
The work performed under this contract has been directed toward the
development of test equipment and techniques which will provide useful
data for the evaluation of polymeric materials, the selection of properties
to be determined, the establishment of correlations between outgassing
properties and meéhanical properties, and the identifi:ation of candi-
date materials. Out of this exploratory and development work has
crystallized a test scheme which ensures that a qualified material can

withstand any combination of pre-flight and space environments.

At the outset of this program, the work was involved largely with
the behavior of polymeric materials in a thermal-vacuum environment and
it wes shown that the values for loss in weight and VCM content could
provide insight into the mechanical performance nf polymers and afford a
measure as to the extent of damage that might be caused by deposition of
volatile matter on a spacecraft. Since deposition of volatile matter
has been shown to be particularly undesirable, micro-VCM determinations
have become the primary screening test for pclymeric products. The
infrared abscrbance of the released VCM provides an additional qualifica-

tion parameter.

Preliminary work with determining mechanical properties in situ
provided only a few data on the stress and strain properties of elastomers
and plastic films with some auxiliary data on tensile properties of
these two kinds of materials after thermal-~vacuum storage. In order to
examine greater numbers and varieties of materials for additional proper-
ties. the multiple-cell unit was designed for exposing 30 samples sinul-

taneously, each in a separate container. Thus, 30 products tor applications
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as adhesives, foams, coated fabrics, tapes, etc., etc. could be processed
over a 2-month pe- .. - i’ v than the 6 or 8 elastomers and films handled
previously in th. r .ws "o, ch of time, In view of the increasing inteixest
in sterilizable p-:yme. it was appropriate to include also a decontamina-

tion exposure in iuiese oSSt runs.

Examination of property data from the comprehensive test runs (decontam—

ination plus vacuum-thermal environment) and comparison with available
data on similar materials from 1000-hour and 500C-hour exposures revealed
that good polymers changed little after the 500-nour thermal-vacuum storage
period, that 1000 hours was more appropriate for marginal materials
(although negative 500-hr data were final), and that there was little
difference in 1000-hour or 5000-hour storage test data.

The developments and findings described briefly above, coupled with
the interest in ensuring that a qualified polymer will maintain its prop-
erties in any environment, suggest that a comprehensive test and evalua-
tion program shall include any combination of three exposures: decon-
tamination, thermal-sterilization, and thermal-wvacuum environment, aill for
optimum times and temperatures. Additionally, by testing for al' prop-
erties after each exposure or sequence of exposures, appropriate data
will be available for any treatment considered prio: to spacefligh..

Such a program will be complex and time consuming; therefore, it is
recomnended that only products which pass the micro-ViM criteria be con-
sidered for final qualification testing and that those with a good history
in decontamination/thermal-vacuum testing be given top priority. Exam-
ples of suitzble c-adidates are given in Appendix D, and a block diagram

of a proposcd progr.aa is given in Figure 24,
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FIG.24 BLOCK DIAGRAM OF PROPOSED COMPREHENSIVE TEST
AND EVALUATION PROGRAM FOR STERILIZABLE POLYMERS

ethylene oxide decontamination

heat sterilization in nitrogen atmosphere

thermal-vacuum environment

micro-VCM; mechanical properties; electrical properties, etc.)
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XXV. NEW TECHNOLOGY

In accordance with the New Technology Clause of Contract No, 950745
under NAS7-100, formal announcement is made of the various technologies
which have been developed or advanced at Stanford Research Institute

under JPL/NASA sponsorship during the period of the contract,

New Announcement

INFRARED SPECTROPHOTOMETRIC DETERMINATION

OF VOLATILE CO.JDENSABLE MATERIAL (VCM)

Innovator: R. F. Muraca

First Used: January 1967

Reports: Monthly Report No. 32, February 1967, and following

Announced: Final Report, September 15, 1967 %

Volatile condensable material (VCM) is defined as the weight of
condensate obtainable at 25°C in a given interval of time from a unit
weight of a thin or comminuted sample of material waintained at 125°C
in a vacuum of at least 5 X 10—6 torr. An infrared spectrophotometric
method has been designed not only to provide an alternate means of "weigh-
ing'' the condensate but also to characterize the nature of the condensate

as a quality-control measure.

Samples for the determination of weight-loss and VCM are prepared
in the same manner and emplaced in the same micro-VCM apparatus as de-
scribed in Interim Report No. 3 (December 9, 1966). (Announcement of
the micro-VCM apparatus is given Lelow.) In this instance, however, the
VCM is collected on optical salt flats, 1/4" thick and 1" i.a diameter.
(Design drawings for the salt flats and holders are given in Section III
of this report.) At the termination of a run, the infrared spectrum of

the VOM on the salt flat is recorded and the absorbance of significant

peaks can be measured. The salt flat in its holder can be weighed,
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For calibration runs, the weight of sample is plotted against absorbance
of a significant peak., For quality control, the absorbance of the peak

divided by the sample weight must not exceed a given maximum.

A catalog of infrared ahsorbance spectra of VCM from 96 polymeric

products is given in Appendix C of this report,

Prior Announcements

MICRO-VCM APPARATUS FOR POLYMERIC MATERIALS

Innovator: R. F, Muraca

Ffirst Used: January 1966

Reports: Monthly Reports 17, November 1965, and following
Announced: Interim Report No. 2, March 1966

The micro-VCM apparatus is a multiple unit (24 samples) designed
for screening all kinds of polymeric materials in a simulated spacecraft
environment. Vacuum-weight-loss and VOM {volatile condensable material)
are determined concurrently. Complete design drawings and details of
the procedure for micro-VCM determinations are given in Interim Report

Mo. 3, December 1966.

MACRO-VCM AFPARATUS FOR POLYMERS

Innovator: R. F. Muraca
TFirst Used: June 19€6
Reports: Interim Report No. 2, March 1966

Announced: Interim Report No. 3, December 1966

Tne macro-VCM apparatus and accompanying vacuum system are designed
to provide information on the deposition and subsequent removal of vola-
tile cundensable amaterial released by all kinds of polymers exposed to a
simulated spacecraft environment. Complete design drawings and details

of the procedure are given in Interim Report No. 3.
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MULTIPLE-CELL TEST UNIT FOI POLYMERS

Inncvator: R. F., Muraca
First Used: August 1966
Reports: Monthly Report No, 22, April 1966, and following

Announced: Interim Report No. 3, December 1966

The multiple-cell unit is designed to accommodate 30 sample cells,
each of which may contain several configuratiors ol a single polymeric
product according to the subsequent physical/mechanical property tests

to be performed. The system is so designed that the materials may be

exposed at atmospheric pressure to decontamination cycles and subsequently
exposed, in the same sample cells, to a thermal-vacuum environment.

Complete design drawings and procedures are given in Interim Report No., 3.

LONG-TERM STORAGE APPARATUS FOR POLYMERS

Innovator: R. F. Muraca
First Used: December 1965
Reports: Monthly Report No. 16, October 1965, and follewing

Announced: Interim keport No. 2, March 1966

The long-term storage apparatus consists of 4 units which are
independently-pumped (ion pumps) glass-walled vacuum cnambers with in-
ternal cylindrical glass heaters., Polymeric materials, one product
in each unit, are stored under various conditions of lead, strain, etc.

for periods of more than 6 months.
Contributors to the various fixture designs used in tue units are:

N. Fishman -Elastomers, constant strain
N. Fishman -Plastic films, constant load

A. A. Koch ~Adhesives, creep urder load.

Complete design drawings for constant load and strain ar2 given in
Interim Report No. 3, December 1966, and for adhesive creep in this

Final Report.
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Technology Transfer

It is a pleasure to announce the transfer of one of these tech-
nologies, MICRO-VCM APPARATUS FOR POLYMERS, to NASA centers and con-
tractors who are concerned with trke screening and quality-control of

polymeric products.

A duplicate unit is in opera*ion at the Goddard Space Flight
Center, and one is near completion at the Jet Propulsion Laboratory.
Drawings have also been delivered to McDonnell Aircrait and fabrication

is under consideration.

The unit is described also in the forthcoming NASA Technology

Utilization Survey, 'Contributions of the NASA to Analytical Chemistry

Instrumentation,’ by J, S. Whittick, R. F. Muraca, and L. Cavanagh.

It is anticipated that this document will receive wide dissemination.
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Appendix A

CANDIDATE POLYMER1C MATERIALS FOR SPACECRAFT APPLICATIONS

Name Typical Structure Spacecraft Applications
b i
1 ~dwa r X .
Acetal CH —C-04+C-0 C —Cu. Ha.u‘dwale and Structural
3 I 3 Wire enamels
H
n
H I ]
. | Seals and gaskets
Acrylic CI: - | Sleeving
H
7 N\
| o oCH
3]
n
gy
| I i Protective coatings
Alkyd C\__’C ° C| (ll c|: 0 Thermal coatings
H OH H
\ /
/, n
H
|
Alkylene glycol HO -C-)0 H Lubricants
[
H
X
n
l-ll lli 0 Coated fabrics
Amide N -{C| -Cc-0 Films and sheets
] Hardwar~ and structural
H Tie cord/lacing tape
5
n
TCH. H H CH_ H H
3] | 30
Butyl (}J --F—('J—C =C-C ' Seuls and gaskets
|
CH3 H H HJ
n
Carbonate 0- ,)=C = -0-C Hardware an¢ structural
N/ T N\ / I
CH 0
3
n
H H H (o] (o} H H H
[ ] 1] [
Diallylphthalate C-C-C-0-C- -C-0-C-C-C Hardware and structural
[ 1 N\ // Pl
H H H H H H

S
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Appendix A (Continued)
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Name

Typical Structure

Spacecraft Applications

Epoxy

H H H
| i

H-C- C-C
\ o/ |
o H
CH H H
|‘ —_ {3 I
0- -C - -0-C-C~
N\ /] [
cH, H OH

Adhesives
Circuit boards
| Foams
Cc Hardware and structurcl
H Protective coatings
J Se.lunts
n {|Tapes

CH H H

[ 3 P
o- -C - -0-C —C-H

| \ s/

CH,, o)

Ester

Adhesives

Coated fabrics

Films and sheets
Honeycomb structures
Protective coatings
Tapes

Tie cords/lacing tape

Ethylene

Hardware and structural
Sealants

Fluroethylene-
propylene
co-polymer

Seals and gaskets

Inide

4
z
=z

[

[}
<

[]

Films and sheets
Hardware and structural
Protective coatings
Wire enamels

Olefin

Shrinkable materials

Phenolic

OH

Hardware and structural
Honeycomb structures
Lubricant binders
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Appendix A (Continued)

Name

Typical Structure

spacecraft Applications

Phenylene oxide

Hardware and structural

Silicone

Adhesives

Coated fabrics

Foanms

Hardware and structural
Honeycomb structures
Lubricants
Protective coatings
Sealants

Seals and gaskets
Sleeving

Tapes

Tie Cord/lacing tape

Sulione

Hardware and structural

Tetrafluoroethylene

——
o—
t
o — =

Coated fabrics

Hardware and structural
Seals uand gaskets
Shrinkable materials

n
? (6] Fcams
Urethane N-C-O0R ‘ro ective coatings
Sealants
Therm»1l coatings
n
| NG | N
s
N =
iardware and . s -
Vinyl carbazole | ? hjl ngc ant structural
Circuit board
- Cc-C =
| !
. H H J
n
r H H
é |
Vinyl fluoride —t '—-C Films and sheets
|
H F
n




Appendix A (Concluded)

Name

Typical Structure

Spacecraft Applicaticns

Vinylidene fluoride

F H
!
c-C
|
F H

n

Films and sheets

Vinylidene fli.r:Jju-

PR P
|
hexafluoropropylen- c—-Cc-¢C —(.3 Seals and gaskets
- [
co-polymer HF F F
n
W
p-Xylylene C~- -C Films and sheets
L\
| u Lon
n

-



ACB

ACM

APC

ARP

BCC

BCM

BFG

BIW

CAR

CcvC

DCC

DUE

DUF

DUM

DUP

EF1

EMC

ENJ

EPC

FLC

’“,;Ff .
. "'.'x‘,,. -

Appendix B

CODE LISTING OF MANUFACTURERS

Ablestik Adhesive Company

Anerican Cyanamid Compzny, Bloomingdale Department
Allied Chemical Corporation, Mesa Products, Plastics Division
Armstrong Products Company

American Reinforced Plastics Compaay

BASF Colors and Chemicals, Inc.

The Borden Company, Mystik Tape, Incz.

B. F. Goodrich Chemical Company

Boston Insulated Wire

Carter's Ink Company

Consolidated Vacuum Corporation

Dow-Corning Company

E. I, Du Pont de Nemours and Company, Inc., Elastomer Chemicals
Department

E. I. Du Pont de Nemours and Company, Fabrics and Finishes
Department

E., I, Du Pont de Nemours and Company, Film Department

E. I. Du Pont de Nemours and Company, Plastics Department
Electrofilm, Inc,

Emerson and Cuming, Inc,

Enjay Chemical Company

Epoxylite Corporation

Fortin Laminating Corporation

B~-1




GES

GEW

HCC

HEX

HYS

IBM

IND

MCC

MMC

MME

MRC

PER

PFC

PKA

PFH

PRC

PRP

PSC

Appendix B (Continued)

Finch Paint and Chemical Company

Furane Plastics, Inc.

Fargo Rubber Corporation

Gudebrod Brothers Silk Company, Inc.,, Electronics Division
General Electric Company, Chemical Materials Departmeat
General Electric Company, Silicone Products Department
General Electric Compaay, Wire and Cabls Department
Hughson Chemical Company

Hexcel Products, Inc,

Hysol Corporation

IBM Corporation

Independent Ink Company

Magna Coatings and Chemical Corporation

3M Company, Adhesives, Coatings, and Sealers Division
3M Company, Chemical Division

3M Company, Electrical Products Division

3M Company, Irvington Division

The Marblett Corporation

Permacel

Pennsylvania Fluorocarbon Company

Park Avenue

Purolator Products, Inc., Hadbar Division

Products Research and Chemical Corporation

Plastic and Rubber Products Company

Parker Seal Company

B-2
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M,

SAN

SCA

SIS

SPT

™C

ucC

WCN

WEIX

WEM

Appendix B (Concluded)

Product Techniques, Inc,

Rayclad Tubes, Inc,

Rembrandt

Zanford's Ink Company

Shell Chemical Company, Adhesives Department
Sargent Industries, Stillman Rubber Division
Stone Paper Tube Company

The Mica Corporation

Union Carbide Chemicals Company

Union Carbide Corporation, Plastics Division
Vita Var Paint Company

Whittaker Corporation, Narmco Division
Westinghouse Electric Corporation, Insulating Materials Division

Westiaghouse Electric Corporation, Micarta Division

B-3
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Appandix C !

CATALOG OF INFRARED ABSORBANCE SPECTRA
OF VCM FROM POLYMERIC PRODUCTS

The 96 spectra in this catalog were obtained by ihe micro-VCM techunique
described in Section III and provide a fair representation of the VCM
which might be expected from the 340 polymeric products which were -

screened during the course of this contract.

Examination of the spectra revealed that distinctive features could
be related directly to specific polymer classes; thus, the spectra are
arranged according to these classes, and within c¢ach class the spectra
have been grouped according to readily-visible characteristics., The
following information is given for each spectrum: sample preparation,

sample weight, and weight of VCM collected on the 1'"-diameter salt flats,

Pclymers which have VCM values less than U.lﬁ yield spectra which
show hardly any significant features; however, the spectra of these polymers
are included to illustrate that or acceptable polymer should have insuf-
ficient VCM to provide a spect. and that cross-contamination does not
occur in the mici;'o-VCM apparatus., In a number of instances, the "base-
line" spectrum of the polished blank salt flat before exposure is shown
above the spectrum of the sample; this illustrates that absorption is due
to the sample and not to imperfections or contaminations of the salt flat

prior to use,

On the following pages are given a numerical listing of the subsequent

spectra according to polymer classes and uan alphabetical listing according

to polymeric products,




(1)

(14)

(20)
(21)
(22)

(23)

(24)

NUMERICAL LISTING OF SPECTRA

ACETAL-BASE
Delrin 500NC10
ALKYD-BASE

Velvet Black 101C10
EPOXY-BASE

Epon 828/A

FM-96U

Epoxi-Patch A/B
Scotchcast 235 A/B (brown)
Epiphen ER825A

Epon 828/Z

Fibremat-1, Type 2539
Velvet Black 401C10 I/II
Armstrong A-12/A
Epocast 168/995
Eccobond 45/15 (black)
Eccobond Solder 57C A/B
PT 401/H-11

Scotchcast 281 A/B
Corfil 615/2

EC-2216 A/B

Stycast 1090 S-1/24LV
Eccogel 1265 A/B

BR-617 A/B

Epoxylite 295~1 A/B
(Batch 2469)

Epoxylite 295-1 A/B
(Batch 4204-1)

Epoxylite 295~1 A/B
(Patch 4204-2)

(25
(26
(27
(28)
(29)
(303
(31)
(32)
(33)
(34)
(35)

(36)

(37)
(38)

(39)
(40)
(41)
(42)
(43)
(44
(45
(46

— et N

EPOXY-BASE (continued)

Micaply EG-284T, Type GH
Micaply LG-758T, Type GE
Micaply EG-899T, Type GF
EG-2(28, Type FL-GE
EG-2028FR, Type FL-GF
Evibond 115

Scotchcast 260
Scotchweld AF-126
Scotchcast XR-5068
Scotchcast XR-5068/#3
Scotchcast #3 A/B

CHLOROF LUOROCA.BON-BASE
Kel-F 81
FLUOROCARBON~BASE

V377-9

Fairprene 5159/Activator
HYDROCARBON~BASE

Ben-Har Acryl C-2
E515-8

FR-60-26

C526-7

Parylene-C
Parylene-N
SR-613-75
SR-634-70




NUMERICAL L1STiNG OF SFECTRA

PHENOLIC-BASE

HRP/Adlock 851/FM96U/12 ply

HRP/Adlock 851/FM96U/6 ply
POLYAIKYLENE GLYCOL-BASE

Ucon 50HBSS
Ucon 50HB170
Ucon 50HB660

POLYAMIDE-BASE

Zytel

Nomex, 5-mil
POLYESTER-BASE

Adhesive 46950

Mylar, 0.004" wall
Mylavr, 0,012" wall

POLYIMIDE-BASE
PYRE-M.L., Type 1.
POLYPHENYL ETHER-BASE
Convalex-10 (0-061)

POLYURETHANE-BASE

Stycast CPC-41 A/B
Laminar X-500 (4C-8 clear)
Stycast CPC-21 A/B
Laminar X-500 (4B-1 black)
Ecco CP6/R6

Stycast CPC-22 A/B
Eccofoam FPH/126H

Laminar X-500 (4B-3 black)
Laminar X-500 (8W-24 white)

(Concluded)

SILICONE-BASE

A2841-L-618 (gray)
A2841-1L-618 (yellow)
DC-11

G-683

Hadbar 28-80
RTV-30/7'12
RTV-40,/T12
RTV-88/T-12
Silastic 881/Cat
Silastic 3116/T-12
Silustic~732 (clear)
Silrsiic-732 (white)
Silastic-89711
E-691-22E

Hadbar 4000-80
RTV-102 (white)
RTV-103 (black)
RTV-108 (clear)
Sylgard-184

XR-63492

93-002

SE-5604-7
Silastic-732 (black)
SR-290

DC-705
Silastic-501/T-12
Versilube G-300

FLUOROSI LICONE-BASE

1050-70
L-449-6




ALPHABETICAL LISTING OF SPECTRA

Polymeric Product No. Folymeric Product No.
A2841-L-618 (Gray) (68) Fairprene 5159/Activator (38)
A2841-L-618 (Yellow) (69) Fibremat-1, Type 2539 (9)
Adhesive 46950 (54) FM-S5U (4)
Armstrong A-12/B (11) FR-60-26 (41)
Ben-Har Acryl C-2 (39) G-683 (71)
BR-617 A/B (21) Hadbar 28-80 (72)
C526-7 (42) Hadbar 400-80 (82) '
Convalex-10 (0-061) (58) HRP Composite (47)
Corfil 615/%Z (17) Kel-F 81 (36)
DC-11 (70) L-449-6 (96)
DC-705 (92) Laminar X-500 (4B-1 Black) (62)
Delrin 500NC10 (1) Laminar X-500 (4B-3 Black) (66)
E515-8 (40) Laminar X-500 (4C-8 Clear) (60)
E691-22E (81) Laminar X-500 (8W-24 White) (67)
EC-2216 A/B (18) Micaply EG-284T (25)
Ecco CP6/R6 (63) Micaply EG-758T (26)
Eccobond 45/15 (Black) (13) Micaply EG-8S9T (27)
Eccobond Solder 57C A/B  (14) Mylar, 0.004" Wall (55)
Eccofoam FPH/126H (65) Mylar, 0,012" wall (56)
Eccogel 1265 A/B (20) Nomex, 5-Mil (53)
EG-2028, Type FL-GE (28) Parylene-C (43)
EG-2028FR, Type FL-GF (29) Parylene-N (44)
Epibond 115 (30) PT-401/H-11 (15)
Epiphen ER-825A (7) PYRE-M.L, Type 1. (57)
Epocast 168/995 (12) RTV-30,/T-12 (73)
Epon 828/A (3) RTV-40/T~-12 (74)
Epon 828/Z (8) KTV-88/T-12 (75)
Epoxylite 295-1 A/B (22) RTV-102 (White) (83)
Epoxi-Patch A/B (5) RTV-108 (Clear) (85)

c-4




ALPHABETICAL LISTING OF SPECTRA (Concluded)

Polymeric Product No. Polymeric Product No.
RTV-103 (Black) (84) XR-63492 87 )
Scotchcast #3 A/B (35) Zytel (02)
Scotchcast #3/XR-5068 (34) 93-002 (88)
Scotchcast 235 A/B (6) 1050-7¢ (95)
Scotchcast 260 (31)

Scotchcast 281 \/B (16)
Scotchcast XR-5068 L)
Scotchweld AF-126 (32)
SE-5604-7 (89)
Sils v12-501/T-12 (93)
Siiastic-732 (Black) (90)
Silastic-732 (Clear) (78)
Silastic-732 (White) (79)
Silastic-881/Cat (76)
Silastic-3116/T-12 (77)
Silastic-S9711 (80)
SR~290 (91)
SR-613-75 (45) b
| SR-634-70 (46)
1 Stycast 1090-S1/24LV (19)
Stycast CPC-21 A/B (61)
Stycast CPC-22 A/B (64)
Stycast CPC-41 A/B (59)
Sylgard-184 (86)
Ucon 50ZHB55 49)
Ucon 50HB170 (50)
Ucon 50HB660 (51)
V377-9 (37)
Velvet Black 101-C10 (2)
Velvet Black 401-C10 (10) 4
Versilube G-300 (94)
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WAVELENGTH (MICRONS)

(1) DELRIN 500NC10. As received. (s. wt., 239.37mg; VCM, 0.003 mg)

] 2 3 4 3 [} 7 ] L 10 n 12 3 14 13
WAVELENGTH (MICRONS)

(2) VELVET BLACK 101-C10. As received; 24 hr 125° (. (s. wt., 76.38 mg; VCM, 0.115 mg)

7 8 9 0 n 12 o) 4 15
WAVELENGTH (6. CRONS)

(3) EPON 828 A. Mixed 100p828 8pA; 3 hr 95°C. (s. wt., 165.49 mg, VCM, 0.094 mg)
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WAVELENGTH (MICRONS]

(4) FM 96U. Asreceived; 1 hr 175°C. (s. wt., 173.55 mg; VCM, 0.004 mgq)

7

WAVELENGTH ‘MICRONS!

(5 EPOXI-PATCH A B. Mixed equal lengths; 2 hr 60°C. (s. wt., 232.52 mg; VCM, 0.005 mg)

7 8 9
WAVELENGTH (MICRONS)

(6) SCOTCHCAST 235 A B (BROWN). Mixed 50pA 100pB; 16 hr 93 C. (s. wt.,, 197.30 mg,
VCH, 0.024 mg)




 00MIM00H N 1600000 DOLAA 14000 HA0E 100 7 U0NIO0NN MO0 HOSE 1A00EE
140004 14006 00000 0004 1044 19001 1O 1004

RS 3 55 S0 S 3T S L s

7 8 9 10 n 12 3 4 15
WAVELENGTH (MICRONS)

| (7) EPIPHEN ER825A. Mixed 100p825A/ 12pMod-T/40pFiller., 16pConverter; 48 hr 25° C.
(s. wt., 268.90 mg; VCM, 0.030 mg)

.........

.........

..............

WAVELENGTH (MICRONS)

(8) EPON 828 Z. Mixed 100p828/20pZ; 2 hr,/75°C + 2hr 135°C. (s. wt., 235.30 mg;
VCM, 0.059 mg)

1 2 ] 4 s [ 7 [} 9 10 n 12 12 1 i3
WAVELENGTH (MICRONS|

(9) FIBREMAT-1, TYPE 2539. Asreceived. (s. wi., 126.33 mg; VCM, (.020 mg'




WAVELENGTH (MICRONS)

(10) VELVET BLACK 401-C10 1 Il. Mixea 90p!| 30pll; 7 das 25°C. (s. wt., 131.15 mg;
VCM, 0.046 mgq)

WAVELENGTH MICRONS

(11) ARMSTRONG A-12 A. JPL sample; cured 2 hr. 85°C. (s. wt., 272.41 mg; YCM, 0.072 mg)

7 8 9
WAVELENGTH (MICRONS)

(12) EPOCAST 168 995. Mixed 90pI68 10p995; 16 hr 50°C - 1hr 150°C. (s. wt., 203.92 mg;
VCM, 0.091 mg)
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WAVELENGTH (MICRONS)

(13) ECCOBOND 45715 (BLACK). Contractor’s sample; cured 2 hr 85°C + 25 hr '150°C "
+ 1 he’150°C 1077 torr. (s. wt., 234.76 mg; VCM, 9.854 mg)

WAVELENGTH [MICRONS;

(14)

ECCOBOND SOLDER 57C A/B. Mixed 100pA/100pB;
VCM, 0.230 mg)
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WAVELENGTH (MICRONS)

(15)

PT 401 H-11. Mixed 100p401/6pH=11; 16 hr.’65° C. (s. wt., 73.86 mg; VCM, 0.139 mg)

C-10




T

(16) SCOTCHCAST 281 A/B. Mixed 100pA/150pB; 20 hr/75° C. (s. wt., 225.25 mg; VCM, 0.068 mg)

WAVELENGTH (MICRONS)

CORFIL 615 Z. Mixed 100615 14.5pZ; 16 hr 50°C = 1hr 150°C. (s. wt., 116.73 mg;
VCM, 0.103 mg)

7 ] 9
WAVELENGTH (MICRONS)

(18) EC=2216 A'B. Mixed 140pA/100pB; 2 hr/65°C. (s. wt., 176.43 mg; VCM, 0.107 mg)




9
WAVELENGTH (MICRONS)

(19) STYCAST 1090 S-1/24LV. Mixed 100p1090,/23p24LV; 24 hr/25° C. (s. wt., 205.44 mg;
VCM, 0.164 mg)

WAVELENGTH (MICRONS)

(20) ECCOGEL 1265 A/B. Mixed 100pA/100pB; 16 hr/65°C. (s. wt., 209.80 mg; VCM, 7.855 mg)

9
WAVELENGTH [MICRONS)

BR-617 A B. :\xed 120pA/259B, 48 hr/25° C. (s. wt., 243.04 mg; VCM, 2.305 mg)
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WAVELENGTH [MICRONS)

(22) EPOXYLITE 295-1 A/B (BATCH 2469). M#'s sample; wixed 100pA/100pB; 8 hr/113° C.
(s. wt, 144.71 mg; VCM, 0.245 mg)

WAVELENGTH (MICRONS!

(23) EPOXYLITE 295-1 A/B (BATCH 4204-1). Contractor’s sample; mixed 100pA./100pB;
24 h:/85°C + 4hr/115°C. (s. wt., 163.18 mg; VCM, 0.114 mg)

WAVELENGTH (MICRONS!

(24) EPOXYLITE 295-1 A B (BATCH 4204-2). Contractor's sample; mixed 100pA."100pB;
24 hr/85°C + 4 hr/115°C. (s. wt., 199.23 mg; VCM, 0.751 mg)

C-13
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WAVELENGTH (MICRONS)
(25 MICAPLY EG-284T, TYPE GH. As received, stripped of copper. (s. wt., 17488 mg;
VCM, 0.076 mg)
e =1 i s : i e e e = -
WAVELENGTH MICRONS|
{(26) MICAPLY EG-758T, TYPE GE. As received, stripped of copper. (s. wt., 186.67 mg;
VCM, 0.168 mgq)
SEnnassna ==
E e i b :
: 2 ) . 5 s 7 ' s 10 " 73 1 a 15
WAVELENGTH (MICRONS}
(27) MICAPLY EG-879T, TYPE GF. As received, stripped of copper. (s. wt.,, 239.17 mg;
VCM, 0.077 mg)
c-14 :
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WAVELENGTH (MICRONS;

(28) EG-2028, TYPE FL-GE. As received, siripped of copper. (s. wt., 185.80 mg; VCM, 0,010 mg)

1 2 3 4 S L] 7 ] 9 10 1" 12 [k} 14 15
WAVELENGTH (MICRONS)

(29) EG-2028, TYPE FL-GF. As received; stripped of ccpper. (s. wt., 206.63 mg; VCM, 0.010 mg)
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7 8 9
WAVELENGTH (MICRONS)

(30) EPIBOND 115. As received; 16 hr 25°C + 24 hr '125°C. (s. wt., 277.05 mg; VCM, 1.454 mg)



WAVELENCTH [MICRONS)

- (31) SCOTCHCAST 260. As received; 30 min/150°C. (s. wt., 258.37 mg; VCM, 0.061 mg)

L. B 4
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WAVELENGTH (MICRONS)

(32) SCOTCHWELD AF-126. As received; 1 hr/125°C. (s. wt., 86.330 mg; VCM, 0.738 mgq)

WAVELENGTH (MICRONS)

- (33) SCOTCHCAST XR-5068. As received; 4 hr/121° C. (s. wt., 39.230 mg; VCM, 0.142 mg)

C-16
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WAVELENGTH (MIZRONS)

(34) SCOTCHCAST XR-5068/:3. Mixed 100p5068/100p%3; 4 he/121°C. (s. wt. 93.057 mg;
VCM, 0.188 mg)
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WAVELENGTH MICRONS

(35) SCOTCHCAST =3 A/B. Mixed 100pA/150pB; 4 hr/121°C. (s. wt., 174.72 mg;
VCM, 0.410 mgq)
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WAVELENGTH MICRONS

(36) KEL-F 81. Asreceived. (s. wt., 118.44 mg; VCM, 0.012 mg)

C-17



WAVELENGTH (MICRONS|

(37) V377-9. Asreceived. (s. wt., 317.08 mg; VCM, 0.006 mg)

WAVELENGTH MICRONS

.38) FAIRPRENE 5159 ACTIVATOR. Mixed 100p5159 IpActivator; 48 hr 25°C - 8 hr 104°C
is. wt,, 290.14 mg; VCM, C.058 mg)

10

7 8 9
WAVELENGTH (MICRONS!

139) BEN-HAR ACRYL C-2. Asreceived. (s. wt, 293.12 mg; VCM, 0.063 mg)




)

WAVELENGTH MICRONS

ES515-8. As received. (

. wt., 264.4 mg; VCM, 1.815 mg)

9

WAVELENGTH MICRONS

FR-60-26. As received. (s. wt., 276.87 mg; VCM, 0.288 mg)
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WAVELENGTH MICRONS

C526-7. As received. (s. wt., 254.5mg; VCM, 0.287 mg)
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WAVELENGTH (MICRONS)

(43) PARYLENE-C. As received. (s. w*, 101,03 mg; VCM, 2.010 mg)
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WAVELENGTH (MICRONS

(44) PARYLENE-N. Asreceived. (s. wt., 188.0 mg; VCM, 0.027 mg)
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WAVELENGTH MICRONS!

(45) SR-613-75. Asreceived. (s. wt., 247.8 mg; VCM, 1.081 mg)

C-20
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(46) SR-634-70. As received. (s. wt., 233.9 mg; VCM, 0.39¢ mg)

7 8 9 10
WAVELENGTH (MI ZRONS)

(47) HRP’ADLOCK 851/FM 96U 12 PLY. As received, facing only. (s. wt., 286.91 mg;
VCM, 0.027 mg)
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WAVELENGTH (MICRONS)

(48) HRP ADLOCK 851 FM 96U ¢ PLY. Asreceived, facing only. (s. wt., 283.45 mg;
VCM, 0.026 mg)
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WAVELENGTH (MICRONS)

10 n 12

(49) UCON 50HBS5S. As received. (s. wt., 25.37 mg; VCM, 6.152 mg)
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[ ] WAVELENGTH (MICRONS!
(50) UCON

50HR170. As received. (s. wt., 48.99 mg; VCM, 7.503 mg}

WAVELENGTH MICRONS:

(51) UCON 50HB660. As received. (s. wt., 66.96 mg; VCM, 0.899 mg)

Cc-22
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i WAVELENGTH (MICRONS)

(52) ZYTEL~-101. As received. [s..wt., 248.22 mg; VCM, 0.065 mg)
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. WAVELEN S:'H’MiCRONS ’¥
(53) NOMEX, 5-Mil.. Asreceived. (s. wt., 191.34 mg; VCM, 0.009 mg)
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WAVYELENGTH MICRONS

i

| (54) ADHES!VE 489'0. As received; 3min 150°C. (s. wt., 143.79 mg; VCM, 0.593 mg)
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WAVELENGTH (MICRONS)

(55) MYLAR, 0.004" WALL. As received; 19 min/110° C.

(s. wt., 74.97 mg; VCM, 0.018 mg)

1 2 3 a4 5 ] 7 8 9 10 " 12 13 14 15

WAVELENGTH (MICRONS)

(56) MYLAR, 0.012"" WALL. As received; 10 min/110°C.

(s. wt.,, 130.10 mg; VCM, 0.070 mg)

7 8 9
WAVELENGTH (MICRONS)

10 n 12 13

(37) PYRE-M.L., TYPE 1, F2429. Asreceived. (s. wt., 206.43 mg; VCM, 0.045 mg)
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WAVELENGTH (MICRONS)

(58) CONVALEX-10 (0-061). As received. (s. wt., 41.36 mg; VCM, 17.96 mg)
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WAVELENGTH (MICRONS)

(59) STYCAST CPC-41 A/B. Mixed 100pA/120pB; 48 hr/65°C. (s. wt., 161.15 mg;
VCM, 0.233 mg)
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WAVELENGTH (MICRONS)
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; (60) LAMINAR X-=500 {4C-8 CLEAR) 10C-45. Mixed 100p4C-8 100p10C-45; 72 hr 25'C.
i (s. wt., 74,10 mg; VCM, 0.065 mg)
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WAVELENGTH (MICRONS)

(s. wt, 211.93 mg; VCM, 0.405 mg)
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F (61) STYCAST CPC-21 A/B. Mixed 100pA/60pB; 6 1r/95°C + 24 hr/125° C.
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WAVELENGTH (MICRONS)

(62) L aMINAR X-500 (4B-1 BLACK)/10C-45.
(s. wt., 89.25mg; VCM, 0.026 mg)

7 8 9
WAVELENGTH (MICRONS)

(63) ECCO CP6 R6. Mixed 100pCP6 17pR6; 3 hr 105°C. (s. wt., 204.67 mg; VCM, 4.188 mq)

C-26




WAVELENGTH (MICRONS)

(64) STYCAST CPC-22 A/B. Mixed 100pA 60pB; 40 hr 65°C. (s. wt., 190.90 mg; VCM, 45.785 mg)

-

8 9
WAVELENGTH (MICRONS)

(65) ECCOFOAM FPFH. I26H. Mixed WUpFPH. 75 126H; 16 hr 52°C. (s. #t., 45.64 mg;
VCM, 0.100 mg)

WAVELENCTH "MICRONS:

(66) LAMINAR X-500 (4B-3 FLAT BLACK) 10C-45. Mixed 100p4B-3 100p10C-45;
24 hr 25°C. (s. wt., 93.03 mg; VCM, 0.009 mg)
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WAVELENGTH (MICRONS)

(67) LAMINAR X-500 (8W-24 WHITE). Mixed 100p8W—24, 25 Hardener/25pReducer;
2he/55°C. (s. wt., 95.31 mg; VCM, 0.111 mg)

7 8
WAVELENGTH (MICRONS!

(68) A2841-L-618 (GRAY). As received, stripped from wire. (s. wt., 262.] mg; VCM, 1.127 mg)

WAVELENGTH MICRONS

(69) A2841-L-618 (YELLOW) As received, stripped from wire. (s, wt., 266.13 mg;
VCM, 1.424 mg)
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(70) DC-11. As received. (s. wt., 24.78 mg; VCH, 0.078 mq)

T WAVELENGTH MICRONS
(71) G-683. As received. (s. wt., 25.05 mg; VCM, 0.015 mg)
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WAVELENGTH MICRONS
(72) HADBAR 78-80. As received. (s. wt., 276.99 mg, VCM, 0.671 mg)




| WAVELENGTH MICRONS;

(73) RTV-30 T-12. Mixed 100p30 0.1pT=12; 24 hr 25°C - 24 hr 135°C. (s. wt., 217.57 mg;
VCM, 0.771 mg)

WAVELENGTH MICRONS

(74) RTV-40 T-12. Mixed 100p40 0.1pT=12" 7 das 25°C. (s. wt., 292.12 mg; VCM, 1.177 mg)

WAVELENGTH MICRONS

1751 RTV-88 T-12. Mixed 100p88 0.1pT=12; 24 hr 25°C - 24 hr 135°C. (s. wt., 242.74 mg;
VCM, 0.910 mg)
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WAVELENGTH MICRONS
(76) SILASTIC—881 'CAT. Mixed 100p881 4.6pCat; 24 hr 125°C. (s. wt., 209.36 mg; VCM, 1.623 mg)
7
WAVELENGTH MICRONS
(77)  SILASTIC-3116. T=12; 7 das, 25°C. ({s. wt., 281.78 mg; VCM, 1.74] mg)

1 2 3 p) s s 7 8 9 W " 12 13 14 T

WAVELENGTH (MICRONS)
(78) SILASTIC-732 (CLEAR). As receivey; 24 hr 25°C. (s. wt., 186.79 mg; VCM, 1.545 ng)
' c-31
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WAVELENGTH (MICRONS)

(79) SILASTIC-732 (WHITE). As received; 24 hr/25°C. (s. wt., 192.68 mg; VCM, 1.746 mg)

1 2 3 4 H 6 7 8 ® 10 n 12 13 14 15
WAVELENGTH MICRONS)

(80) SILASTIC-S9711. As received. (s. wt., 211.89 mg; VCM, 0.172 mg)

8 9
WAVELENGTH (MICRONS)

(81) E691-22E. Mftr's sample. (s. wt., 176.08 mg;, VCM, 0.106 mg)
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WAVELENGTH (MICRONS)

(82) HADBAR 4000-80. As received. (s. wt., 287.96 mg; VCM, 0.406 mg)
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WAVELENGTH MICRONS

(83) RTV=102 (WHITE). As received; 24 hr-25°C. (s. wt., 197.39 mg, VCM, 2.952 mg)

WAVELENGTH MICRONS

(84) RTV-103 (BLACK). As received; 24 hr 25°C. (s. wt., 202.97 mg;, VCM, 3.640 mgq)
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WAVELENGTH (MICRONS)

RTV~108 (CLEAR). As received; 24 hr/25°C. (s. wt., 191.22 mg; VCM, 2.984 mg)
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WAVELENGTH (MICRONS)

(86) SYLGARLC-184. Mfr's sample. (s. wt., 174.57 mg; VCM, 1.200 mg)
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WAVELENGTH (MICRONS)

(87) XR=-63492. Mfr's sample. (s. wt., 177.05 mg; VCM, 1.079 mg)
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WAVELENGTH (MICRONS})

(88) 93-002. Mfr's sample. (s. wt., 233.31 mg; VCM, 1.217 mg)

WAVELENGTH 'MICRONS

(89) SE-5604-7. As received. (s. wt., 258.36 mg; VCM, 0.391 mg)

WAVELENGTM MICPONS

(90) SILASTIC-732 (BLACK) As received; 24 hr 25 'C. (s. wt., 171.68 mg; VCM, 1.581 mg!
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WAVELENGTH MICRONS)

(91) SR-290. Mixed 100pSR-98/100pSR~-220; 1 hr/135°C. (c. wt., 80.23 mg;VCM, 1.353 mg)

14
} WAVELENGTH 'MICRONS)

(92) DC-705. As received. (s. wt., 68.06 mg; VCM, 55.110 mg)

WAVELENGTH MICRONS

(93) SILASTIC-501-T-12. Mixed 100p501/4pi—1s; 7 das/25°C. (s. wt., 268.4) mg;
VCM, 9.920 mg)
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'WAVELENGTH IMICRONS;

i (94) VERSILUBE G-300. As received. (s. wt., 39.14 mg; VCM, 1.436 mg)

WAVELENGTH :MICRONS;

(95) 1050-70. As received. (s. wt., 189.11 mg; VCM, 0.047 mg)

WAVELENGTH MICRONS

(96) L—-449-6. As received. (s. wt., 189.16 mg; VCM, 0.173 mg)
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Appendix D

INTERIM LIST OF RECOMMENDED POLYMERIC PRODUCTS

An interim list has been compiled of the best available polymeric
products for spacecraft use, %ach product on this list is considered
acceptable because it showed less than 1% weight loss and less than
0.1% VCM content in the micro-VCM test. Of the 90-100 products listed,
about 20 have been shown to be able to withstand a total of 168 hours
in a decontaminating atmosphere (humidified ET0/Freon at 50°Cj, or a
total of 500 hours in the thermal-vacuum environment (135°C and 10_6

torr), or a combination of the above; cthese phroducts are identified by

asterisks.

The polymeric products on tnis list have good potential for space-
craft applications, especially those which have undergone successfully
the decontamiration and thermal-vacuum exposures. However, it is em-
phasized that a final list of recommendations cannot be made until the
products have passed successfully the various sequences of decontamina-

tion and heat-sterilization which are being considered for spacecrafts

and then still maintain good properties in the thermal-vacuum environment.

As a rule, very low values for loss weight and VCM content indicate

that mechanical properties will be maintained in a thermal-vacuum en-

vironment; however, the effect of ETU/Freon decontamination cannot be

predicted; for example, both Metlbond-328 and Metlbond-329 had good out-
gassing properties and maintained good mechanical properties throughout

the 500U-hour thermal--vacuum exposure, but after ETO treatment and ETO/TVE

treatment the Metlbond-329 suffered a significant loss of shear strength
while the Metlbond-~328 suffered no loss in properties. (See Section V,

Adhesives.)
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Appendix E

INDFX OF POLYMERIC PRODUCTS
AND RESULTS OF TESTS PERFORMED;
PRODUCT RATINGS

An alphabetical index is givean of the polymeric products which have
been examined under this contract; all available information on each
product is given in the section of this report which is cited, Also cited
is the catalog number of the infrared spectrum of the VOQM from the various

products which are published in Appendix C.

The index also provides a summary of the work which has been performed
wi th each product and ratings of acceptability for spacecraft use or
additional evaluation, based cn the results of the tests performed. An
explanation of the ratings of "G" (Good), "M" (Marginal), and "X" (Not

Recommended ) is given as follows:

Micro-VCM G = <1% wt-loss and <0.1% VCM;
M up to 1.5% wt-loss or up to 0.15% VCM;
X = >1.5% wt-loss or »0,15% VM.

Macro-vCM Same as above, tempered by whether VCM
is increasing or decreasing with time,

Mass Spec G = solvents or gases only identified;
M = iow-molecular-weight additives;
X = low-molecular-weight polymers.

Mechanical Properties G = no change or improved values;

M = borderline losses in properties or
significant loss in perhaps only one
property whereas others are unchanged
or improved;

X significant losses in properties,

Electrical Properties Same as above.
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